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Proposed New Journal: Tectonics 

There Is a fundamental and urgent need for a high-quali- 
ty International journal In tectonics. The literature Is growing 
rapidly, and the best papers are spread through a wide 
range of Journals such as Journal of Geology, Red JGR, 
Tectonophyslcs, GSA Bulletin, EPSL, Geological Magazine, 
Geology, Geophysical Journal of the Royal Astronomical 
Society, Geological Society of London Journal, and Ameri- 
can Journal of Science. A top-flight International journal in 
tectonics with the highest refereeing standards would at- 
tract the very best papers and would rapidly gain accep- 
tance as the prestige place to publish the best in analytical, 
synthetic, and integrative tectonics. It would be a journal to 
be read by almost everybody in regional geology, structure, 
tectonics, geophysics and hard-rock geology. Care would 
be needed to ensure that It did not harm the red JGR or 
GRL, which could be accomplished by defining the goals of 
the new journal so that everyone understood the kind of 
papers that would be considered. This could and should be 
done by excluding short notes and restricting papers for the 
new journal to the Held of tectonics sensu-stricto, i.e., the 
structure and evolution of the terrestrial lithosphere, with 
dominant emphasis on the continents. Papers on mantle 
convection, tidal friction, solid earth seismology, mantle and 
core petrology, and origin of the earth's magnetic field, for 
example, would thus be excluded. One could have the jour- 
nal lean very heavily though not exclusively toward the 
structure and evolution of the continental lithosphere (domi- 
nantly the continental crust) and give the journal a strong 
slant toward integrallve tectonics, structural geology, and 
materials science but discourage, for example, rock me- 
chanics and earthquake prediction, which would go to the 
red JGR. I thus visualize a more continental, more geologi- 
cal, and less geophysical emphasis In a journal of tecton- 
ics. There would be some overlap with the red JGR but not 
a great deal. In no sense would this be a letters journal, 
competing with GRL. We have a superb opportunity to 
found a scholastically excellent journal that Is really needed 
In earth science. Tectonics is one of the central cores of 
esrih science today, and yet we do not have a journal de- 
voted exclusively to It. 

John F. Dewey 
State University of New York at Albany 

Comments Requested. 

The Publications Committee solicits your comments and 
suggestions on the proposed new journal described above 
by Professor Dewey. According to present plans. AGU 
could publish this Journal on a bimonthly schedule at a sub- 
scription price to AGU members ol $15-$20 per year. In 
order to hold subscription prices down the journal would be 
limited to the equivalent of 400 JGR pages per year, but it 
would probably appear In a page size smaller than that ol 
JGR. A high rate of rejection of manuscripts might be need- 
ed to limit the size of the Journal while maintaining reason- 
ably rapid publication. There would be no page charges, 
out only author-produced copy would be published. As Is 
tbe case lor author-produced papers In other AGU journals, 
papers would be copy edited before authors prepared cam- 
era- ready copy. 

The Publications Committee feels that this proposed jour- 
nfl l Is scientifically worthwhile, Is targeted on a rapidly 
growing field that lacks a publication focus, and will proba- 
“y bo a great success. More generally, we believe that 
geophysicists may welcome Inexpensive, multidisciplinary 
K>umal8 oriented toward particular areas of research. 

Rteaae send your comments and suggestions to me at 

Space Physics Research Laboratory 
The University of Michigan 
Ann Arbor, Michigan 48109 

James C. G. Walker 
Chairman, Publications Committee 
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Nd Isotopic Studies: 
Some New 
Perspectives 
on Earth Structure 
and Evolution 

Donald J. DePaolo 

Department of Earth and Space Sciences 
University of California, Los Angeles 

This article Is the text ol a talk presented In the Frontiers 
ol Geophysics session at the 19B0 AGU Spring Meeting in 
Toronto, Canada. 

Introduction 

Geochronology is generally regarded as a branch of geo- 
chemistry that focuses on the determination of the ages of 
rocks. Although ths reliable determination of ages of rocks 
la no trivial task, the above definition of geochronology is 
overly restrictive because the long-lived radioactive nu- 
clides that can reveal the age of rocks can also yield a 
unique type of Information about the Internal structure of 
planets and the processes by which lhat structure Is 
formed. In the case of the earth and the terrestrial planets, 
the internal structure can be described grossly by the divi- 
sion Into core, mantle, crust, and an atmosphere-hydro- 
sphere system where presenl. The present state of the 
earth (moon, Mars, etc.) can be studied by a number of 
methods, including photogeologlc, petrologic, and chemical 
characterization of crustal rocks, and geophysical studies ol 
the Interior through the use of seismicity, gravity, heat flow, 
and other methods. But when and how this structure 
formed cannot generally be ascertained by those methods 
except by inference from theoretical models. The lime di- 
mension Is uniquely accessible through the study of varia- 
tions In the natural abundances ol radioactive elements 
and their decay products, i.e., through geochronology. By 
using Information about the geochemical properties ol the 
elements, coupled with the measured isotopic variations, 
the nature of planetary differentiation processes and the as- 
sociated time scales can be inferred. Such information is 
critical for linking what Is known about the present structure 
of the earth to models of its evolution over the past 4.5 bil- 
lion years. There Is, however, an Important restriction to the 
applicability of Isotopic measurements, and lhat is that only 
If the geochemical properties of the particular elements are 
well understood can isotope abundance variations caused 
by radioactive decay be translated into information on plan- 
etary evolution. 

For this reason there was great excitement when, in 
1974 and 1975, GQnther Lugmalr, Kurt Marti, and Norman 
Scheinln ol the University of California, San Diego, chemis- 
try department were able to determine the age of the basal- 
tic meteorite Juvlnas and a lunar basalt, using the decay of 
Samarium- 147 ( 147 Sm; half life = 106 eons) to Neodymi- 
um-143 ( 143 Nd) [Lugmalr el at., 1974, 1976]. The excite- 
ment stemmed from the fact that these two elements, Sm 
and Nd, were rare-earth elements (REE), and this group ol 
elements, found in trace amounts In all rocks and minerals, 
has been the subject ol Intensive study over the past two 
decades, beginning wllh the pioneering studies by Roman 
Schmitt, Lawrence Haskln, and coworkers [Haskln at al., 
1966] and continuing with Increasing sophistication to the 
present (rare-earth geochemistry has recently been re- 
viewed by Haskln and Paster (1 979]). Presently the REE 
are by far the best understood trace elements In terms of 
their behavior In planetary processes. In addition lo being 
well understood, Sm and Nd also have properties that are 
much different from the parenl-daughter element pairs that 
had been previously used In geochronology, mainly U-Pb, 
Th-Pb, and Rb-Sr. They therefore promised to give an en- 
tirely new perspective on earth evolution. Shortly altar the 
work of the UCSD group, the system was applied to terres- 
trial rocks [DePaolo and Wasserburg, 1976a, b; Richard el 
al., 1976; O'NIons et al., 1977] and has yielded a large 
number of exciting results. The purpose of this article Is lo 
briefly describe ths most Important findings of .these studies 
to date, and their implications lor modelB of Ihe structure 
and evolution of the earth's manlle and crust. It should be 
noted that the Sm-Nd system Is Ihe first geochronometer to 
come Into use when the geochemistry of Ihe parent and 
daughter were already well known. This facilitated Its Im- 
mediate use as a geochemical tracer ralher than purely as 
a tool for determining the age of rocks. Sm-Nd also repre- 
sents an excellent example of a method originally devel- 
oped for studies of lunar rocks that has paid great divi- 
dends In terrestrial applications. 

The Isotopic Record of Planetary Evolution 

The uniqueness of the Information yielded by Sm-Nd Iso- 
tope studies can be understood by considering the dllfer- 
«nces between Sm-Nd and the various other geochronom- 
etere. One ol the more Important differences Is llluslrajed In 
Figure 1. The time axis |n each graph Is age; lhat Is. time 
measured backwards from |he present. The vert cal axis Is 
the ratio of the radiogenic Isolope to another teolopeof Ihe 
same element that la neither radiogenic nor radioactive, the 
latter being used as a normalizing abundance. These ratios 
Increase with time as the radiogenic jsotope accumulates 
from the decay of the parent. W fate alwhlchjhe ratio ln- 


dance of ihe radfoactive parent relative to the normalizing 
isotope of the daughter element (referred to as the parent/ 
daughter ratio). Changes in the slopes of these evolution 
lines are therefore related to chemical fractionation of the 
parent and daughter elements. Although not the primary 
subject ol this article, a good example of how Ihe isotopes 
track earth evolution is Ihe U-Pb system (Figure 1). The 
Isotope Z0S Pb Is Ihe product of Z3B U decay, so the slope of 
an evolution line on Figure 1 (bottom) is proportional to 
a3S U/ M4 Pb. This ratio is known to have been very small In 
the solar nebula, as evidenced by the present solar abun- 
dances, so the evolution curve shown for the nebula (la- 
beled SN) has a small slope. As Ihe nebula condensed, 

U — which has a high condensation temperature — probably 
condensed earlier than Pb, which has a low condensation 
temperature. If the earth accreted before all ol the Pb con- 
densed, or il Pb was lost by volatilization during accretion, 
then the earth would have formed with a U/Pb ratio higher 
than thal of the SN when It accreted -4.5 eons ago. This Is 
shown on Figure 1 (bottom) by ihe increased slope of the 
earth curve, following condensation and accretion (CA). 

Further fractionation of U from Pb could have occurred In 
the earth as a result of core formation (CF), because (he 
tendency for Pb to occur as a sulfide could have resulted in 
Its entering the core in large amounts, while U would have 
been excluded Irom the core. The result: a high U/Pb sili- 
cate portion ol the earth (mantle and crust) and a tow U/Pb 
core. Subsequent to core formation, magmatic processes in 
the silicate portion can cause formation of domains of 
somewhat higher and lower U/Pb to form, shown by the di- 
verging arrows. The presenl average values of M0 Pb' 20,1 Pb 
found in the earth’s crusl (C) and upper manlle <UM) and 
their relationship to the value (or the total earth (0) and tho 
sun are shown on the T ^ 0 axis of the graph. (Note lhat 
the earth value is actually unknown because the changes 
In U/Pb lhat are caused by core formation as opposed to 
condensation and accretion are not known.) The kinks in 
the curves, corresponding to changes in U/Pb. are the 
times that are recorded with most sensitivity. Thus the U- 
Pb system gives very precise Information on the lime of for- 
mation of the earth and/or core formation but Is less sensi- 
tive lo the time of separation ol the crust Irom Ihe mantle 
because little change in U/Pb is involved in the latter pro- 
cess. In fact, the U/Pb system yielded the first accurate es- 
timate of the age ol the earth, as well as the most precise 
estimate available today. The situation lor Rb-Sr is some- 
what different (Figure 1 (middle)}. Rb is substantially more 
volatile than Sr under the conditions that prevailed in the 
SN, and the earth apparently inherited a Rb Sr ratio about 
10 times smaller than the sun's. But fractionation during 
core formation is less likely, so Rb-Sr precisely fixes the 
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Fig. 1. Growth of Pb, Sr, and Nd Isotopic ratios wllh time in the 
solar nebula (Sty) and (he earth (©), showing the effects ol lhe 
original condensation of the nebula and accretion ol solid bbdleS 
(CA), core formation In tha earth (CF). and subsequent magmatic , 
processes within the earth. On the T = 0 axis are shown the rela- ! 
ttve present-day values of the IsOtopIc ratloa for the earth's upper 
mantle (UM) end continental crust .(C) and their relationship to the 
values in tha earth, eun (SN), and Ihe chondritlo meteorttee.(Chur). 
Only for Nd do the present values (or the earth, sun, and chon- 
drites correspond. Nd Isotopic variations measured In rocks there- 
fore reflect only the magmatic processes that have cabsed thb 
earth lo evolve the presenl structure of Its manlle and crust 
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the mantle that has been involved In producing the crust 
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could be calculated (see below). The Sm-Nd method adds 
a new, and much needed, dimension to Isotopic studies of 
planetary evolution. 


The Evolution of the Earth’s Mantle 


*?■ 2 : J The ™ oMm 01 lhe ,4a Nd/'«Nd ratio In the earth's 

HSi S i2 0r I n ned a by mBasurln 9 “ia presenl-day value of ,43 Na 
Nd in rocks from the crust and correcting lor (he rock's age, 
which also must be determined. Initial ratios, calculated for rocks 

Si * SSiS5'« are 10 do,ino ,hB ,4J Nd/ W4 Nd In the mantle 
2 ®/“" C K.! ur 0 ’ “ n )P flrin 9 ‘hose to the chondrltlc maleor- 
J ’ larormmk >n is obtained about lhe ovolutlon of 
man Ho structure through time. 


The application of the Sm-Nd method to problems of the 
history end structure of the earth's mantle Is illustrated in 
Figure 2. Measurements of the 143 Nd/ ,44 Nd ratio In oceanic 
volcanrc rocks, all of which are relatively young In compari- 
son with (he age of the earth, and In young continental 
racks give an Indication of the value and the variability of 
this ratio In lhe upper mantle today because the rocks rep- 
resent solidified magmas that are presently coming from 
lhe upoer mantle. Older rocks are present in lhe continental 
crust, and can be used to determine the 143 Nd/ 144 Nd In the 
mantle at various times In the past. The assumption is that 
all of the rock materials that make up the continents were, 
at one time, derived from the mantle as magmas, which so- 
lidified and have remained near the surface because of 
their low density. As shown In Figure 2 (bottom) the 143 Nd/ 
Nd ratio Is measured In a rock sample and then correct- 
ed for the rock's age back to an ‘Initial' value which repre- 
sents the ,43 Nd/ ,44 Nd ratio the rack had at the time It came 
from the mantle. The slope of the age-correction vector Is 
proportional to the Sm/Nd ratio measured in the rack, as In 
wF ure Ji fa ^ 08 can then be compared to the 

, Nd growth In a chondrltlc environment (called 
CHUR’ for chondrltlc uniform reservoir). Deviations from 
this curve, usually expressed as the parameter e Wri (in units 
of 0.01%), are Indicative of chemical differentiation In the 
mantle and can be Interpreted In terms of models of earth 
evolution. Recovering Information about the mantle from 
rocks In the continental crust can be a tricky business and 
requires a considerable amount of geological Insight, which 
comes from other types ol studies of the rocks. A particular 
problem Is that some Igneous rocks do not represent mao- 
mas derived from the mantle bul, rather, appear to be melt- 
ed Irom the crust Itself. Such rocks can give no Information 
about the mantle. On the other hand, the 143 Nd/ ,44 Nd Initial 
ratios can often be used to Identify magmas derived from 
the crust, a problem of considerable interest, especially lor 
some magmas that contain economically Important 

molybdenum 0 ^ m9la,S SUCh ** 0O,d ’ sl,V0r ' CQ PP 0r > and 

mil 11 ' 81 d/U4Nd ra,ios !hat have b00n determined on 
n« *l W O h^ ar0 8B ? p8cf0d 01 bein 9 derived from the man- 
a 5°* n r on figure 3. The most obvious conclusion Is 
ha fhn e 0 ?k 2 ,h ® CF J UR curve ra,h0r well. This indicates 
hG ^K^ d ra 0 0 ,he man,le - an d presumably the 
dritinm«^ri S es S 8n,i0lly exac,iy that of average chon- 

rinmnn ' J Vh0r6 0XaCtly ' 010808 ±2% 0T 3% The 

Jifl . ra °2 0f i uch a C,OS0 despondence between 

rhnnrtriii . abUndanc0 of two dements in the earth and 
hondrlles Is unprecedented and offers support that chon- 

msanin ? ,ul model *he earth's compos!- 
l^ 01 ® elements that are nonvolatile and 
nonmetal lie In their geochemical behavior 

r Jk h 0 a «M n,, ?u , SC0tlef about ,he CHU R line, especially lor 
rocks older than about 2 eons. Is also noteworthy It Indl- 

to eS n ™hLH e r an,le 8,arted out wl,h a SnSmpost 

onwhen lhn S!S USe ."if mlxln 9 ellact rapW oonvec- 
earth was hotter, during its early history. The 

lha SI? y “nlrasts sharply with the pronounced layering in 
fFkiuro 0 R\ evidenced by analogous data from luna? rocks 

Se the CHKn^i 8 ^ 11311 lncreasl °g setter, mostly 
,5 llns ’ Seating that chemically different 
® V0lV0d gradually In the mantle as opposed to be- 
ng formed early and persisting through lime. K 


The Age of the Continents 


When continental crust forms, it generallv Is fracilnnatAd 
chem caHy relatlve to the mantle, Including having a Sm/ 
Nd ratio about 40% lower on average. Consequently It? 

180 °P ,C evolution is along a vecto??propor- 

TSeonfT 8 ° Pe ’ 33 8hown ln R 0 ure 3 ^ crast formed 
3.6 eons ago. In cases where crustal age was not orevi 

Khecm lhe crU0t evolution vector 

called r Tn.2 fll ? 8 010 age ' 711,3 modal a Se Is 
.. esllnflly ' 00 rocks have yet been found 
,hal correspond to an age greater Zn 
3.8 eons. Thus the oldest rocks known are about n 7 r fin n t 

ling ol isotopic ages al more recent limes which can ' 
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Fig. 5. Model tor crust and mantle Nd Isotopic evolution. Crus! 
ISLTm ^ extrac ! ion of chemically fractionated material tram the 
iSf! ant J.e vo,v e8 along lines of lower slope, reflecting low Sm 1 
Nd rauos. The residual mantle, with increased Sm/Nd, must evolve 
ln ,hB °PP° 8lt ® direction. Present values of 
ln flva,, 8gQ crust (C) and In midocean ridge basalts 
(M) are also shown. 


Si!? 8 ? b ?. cur 1 e ,ha ,rue a B 8 - W ages are not sensl- 
tive to later tectonic disturbances, as are many other radio- 
metric a 90s. The explanation of this delay In the formation 

081111 not a 9 f00d u P° n - Presently favored Is the 
oea that the early earth was so hot, and convection so rap- 
, p ; crust was unstable, being destroyed and remixed 
man , ,,e as rapidly ae It formed. Only after the earth 
cooled sufficiently could crust be preserved. An alternative 
hypothesis that the earth started cold and required time to 
neat up to the point that melting could occur In the Interior 
and crust formation begin Is considered less likely, 
i ne deviations of the data points from the CHUR curve 
re magnified In the e^-tlme diagrams of Figure 4. The In- 
creasing deviations at more recent times are clearly shown. 
. ® ?l a c r P ck s. basalt and gabbro, have petrologic char- 
f™ lce ,ha | a « consistent with their coming directly 
L , lhe mantle as magmas. They could be considered the 
°f 3t 8am Pfors of the mantle. On the other hand, the silicic 
ocKs granite, granodlorlte, and related rock types, have 
pa . ro °9[ c characteristics that suggest they are not directly 
enved from the mantle. However, silicic rocks appear to 
irr? * Up i bu,k 01 ‘he continental crust and are therefore 
important for determining how crust Is formed. If the mantle 

u.f d a chondri tlo Sm/Nd ratio throughout the 
earth s history, all of the points would be expected to fall at 

fhoi 7 or 8,1 t,m8a - "The deviations from e Nd = 0 indicate 
J: ®’ 1 10881 80me Parts of the mantle have acquired an 
&WNd ratio different from chondrltlc. Since most of the de- 
nLI * are p08ltlve 0-e., ENd > 0), the Implication Is that 
parrs of the mantle have Sm/Nd higher than chondritlc. 

»ir,« J i p 9 a *P ,ana tl° n emerges If one recalls that the con* 
ental crust has low Sm/Nd. It Is also enriched in both ele- 
me . nta ' relative to the mantle, by a factor of about 26 for Nd 
aRP about for Sm. Consequently, it is clear that as conU- 
nenfal crust forms the mantle loses Nd at a greater rate 
™ *°3 and h8a ce acquires a higher Sm/Nd ratio. The 
n ! s ,n Flgure 4 8h0w how the e Nd of the mantle 
uld evolve as Its Sm/Nd gradually Increased as a result 
o the growth of the crust. The overall model Is Illustrated in 
6| where the complementary nature of the crustaJ 
evo u on Ines for 143 Nd/ f44 Nd (dashed) and the mantle 
evolution (shaded) Is shown. This model for the relationship 
cetween the chemical composition of the crust and comp®’ 
ch , an g 08 ln foe composition of the mantle Is Mtu* 
Sr* 8, I°P |0 . and - In fact, seems almost trivial. But, surprls- 
th,s consideration had until recently received 
l,tt,e attention, for the reason that with the other 
otope aystem8 the complementary changes In the manl e 
Muid not be Identified beoause the starting-point comppsl-. , 
ton was unknown (as shown In Figure 1). The Sm-Nd lao- 
rwi S 810 " 1 Provides thb basellne-ths e M = 0 line ■ 

A c ** and the systematic deviations shown In Figures 4 
fhT'^ 08901 ** flrai data that can be used to quantify 
2oi2 )m i p 9mentary nature, pf the continental crust and the 
mantle from which It wo? extracted. Furthermore, the Iso- 
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topes are better tracers for this purpose than chemical 
traits, because they are Intensive and see through the 
chemical changes that accompany the formation ol magma 
In the mantle. 

Basaltic Volcanism and a Model for the Structure of 
the Mantle 


The fM-Ume data are one side of the evidence that has 
led to a rather simple picture of the structure of the mantle 
and Its relationship to the crust, depicted In Figure 7. The 
other side Is shown In Figure 6, a histogram of values 
measured In young basalts. This figure shows the distribu- 
tion of some of the data within the heavy solid bar In Figure 
4 (bottom). The important characteristics of the data are: 

(1) basalts (or andesites) of a given tectonic setting have a 
characteristic value of with a finite variability of about 
±2 or 3 units, (2) almost all oceanic basalts have- be- 
tween +4 and +12, and (3) continental Hood basalts, volu- 
melrlcally the most significant manifestations of basaltic 
volcarilBm on continents, have ? Nd distinctly different Irom 
the oceanic basalts and cluster at e M - 0, the value char- 
acteristic of undifferentiated mantle. Taking these values to 
represent the of the mantle domains from which the ba- 
salts come, the oceanic lavas clearly show the depleted (In 
Nd relative to Sm) nature of the mantle, as expected. The 
continental lavas, however, appear to require that some 
parts of the mantle are still In a relatively pristine state and 
have not been affected by extraction of continental crust. 
Furthrmore, there Is simply the puzzling difference between 
continental and oceanic regions. Independent of lhe mean- 
ing of the actual values. 

One of the most Interesting aspects of these data is the 
relatively tight clustering of c Nd values lor each group, even 
though the points represent a worldwide sampling. This in- 
dicates, for Instance, that the mantle 'reservoir' from which 
midocean ridge basalts come Is relatively well mixed on a 
global scale — and on a time scale that Is short In compari- 
son with the age of the crust. This also appears to hold true 
for Island arcs and Intraplate oceanic Islands, even though 
each has a mean ENd that differs from the rocks of the other 
tectonic settings. Clearly, these observations must be taken 
Into account In any model ol the structure and dynamics ol 
the earth's mantle. However, at the present state of knowl- 
edge It Is far from clear how best to model the data. 

Wasserburg and DePaolo [1979] took a geometrical ap- 
proach, visualizing the earth as a series of boxes, each 
wllh a characteristic E Nd and each representing a possible 
source for basalt magmas. These boxes then had to be ar- 
ranged In a way so as to produce the observed distribution 
oi values at the surface (Figure 7) and still be reconcil- 
able with continental drift and plate tectonics. For example, 
one of the ‘rules' used In constructing the model was that 
magmas erupted on continents must always be different 
isotoplcally from those erupted In oceanic areas, but. in ad- 
dition, continents and oceans must be allowed to change 
places almost instantaneously as a result of continental 
drift. The complementary nature of the continental crust 
and the upper (oceanic) mantle had also to be taken Into 
account. 


The resultant model, In a simplified form, Is shown in Fig- 
ure 7. Basically, It Is a two-layer mantle. The lower mantle 
is undifferentiated with respect to Sm, Nd, and other litho- 
pnlle elements and, consequently, has retained Its = 0 
tor the entire history of the earth. The upper mantle contin- 
uously cycles through the process of ocean floor formation 
at ocean ridges and subductlon, and, as a by-product of 
™ cycle, new continental crust Is continually made in 
magmatic arcs associated with the subductlon zones by ex- 
action of chemically fractionated materials from the man- 
, ra 0 upper mantle today therefore has a positive E Nd 
+ 12), which represents the Integrated effect ol making 
'ow-Sm/Nd crust over the past 3.8 eons. This positive E Nd Is 
counterbalanced by the negative- e Nd continental crust, esti- 
ma,sd to average * -15. (The estimated average val- 
ues ot Nd/ 14 *Nd In the crust and upper mantle are 
snown schematically in Figure 6, where the relationship of 
100 av0ra 9 e crustal 143 Nd/‘ 44 Nd to the average age of the 



* Nd 

basalt rco N<1 values In young basalts, MORB-mldoraan ridge 
burg, 1 97eap COnlInent al Hood basalt [from DePaoto and Wesaer- 



Fig. 7. Earth structure model based on Nd Isotopic data. Conti- 
nents! crust is continuously produced In magmatic arcB from the 
upper mantle, and presently the c Nd values lor Uie crust ( - 15) and 
the upper mantle ( + 12) are complementary. The lower mantle 
does not directly take part In (he crust-producing process, bul dia- 
plrs or plumes rise up Irom the lower mantle, producing Iniraplale 
basaltic volcanism and releasing juvenile gases to the atmosphere. 
The depth shown for the upper-lower mantle boundary is a best 
estimate; the data would allow it to be either shallower or deeper. 


crust Is apparent.) Since the mass of the continental crust 
Is known to be about 2 / 10 25 g, the r^'s can be used to 
estimate the size (thickness) ol the 'upper mantle' pictured 
in the model. The crust has a Nd abundance estimated to 
be about 50-60 times higher than the present upper mantle 
(which is depleted as a result of crust formation), hence the 
mass of the upper mantle is calculated to be aboul 100 x 
10 Z5 g.This corresponds to a thickness ol about 600-700 
km; only about one fourth of the mass of lhe whole mantle. 
Coincidentally, the calculated depth r^nge corresponds to a 
marked seismic velocity discontinuity. This finding supports 
the suggestion that the seismic structure oi lhe mantle may 
be related to chemical composition differences, and offers a 
possible explanation of the evolution ol this structure. The 
various intermediate values of ? Nd found in the oceanic ba- 
salts are explained In this model as mixtures of materials 
from the two mantle layers. Mixing occurs to a groat extern 
In oceanic regions because ol the presence of a shallow 
highly fluid zone where the mantle Is near (or above) its 
melting temperature (low-velocity zone) bul generally does 
not occur in continental areas where this fluid zone is 
weakly developed or absent entirely. 

This view of the earth is attractive for several reasons. It 
is simple and yet can explain a large fraction of the obser- 
vations, both Isotopic and chemical. In addition, it adds a 
time perspective to the development oi the layering In lhe 
mantle. An important implication of the model is that the ra- 
dioactive elements K, U, and Th, which are responsible for 
the heat generated within the earth, are now highly deplet- 
ed in the upper mantle because they are strongly parti- 
tioned Into the crust when it forms. The lower mantle, how- 
ever, still retains its original allotment of these elements. 
Consequently, it appears that the heat-producing elements 
have not been concentrated near the planet's surface as 
had been previously thought, but rather most (up to 75%) 
are still retained deep within the earth. It also provides a 
picture of the convecllng upper mantle being heated from 
below. This arrangement affects both the modeling oi con- 
vection In the mantle and the degree to which radiogenic 
heat production In the earth can be the driving force for 
convection and Its surface manifestation-plate tectonics. 
The model also suggests that midocean rldga basalts are 
biased Indicators of mantle properties, since they directly 
sample that relatively small portion of the mantle that has 
bean most modified during the course of earth history. 

An obvious test of such a model Is whether it can explain 
other observations. Because Sr isotope ratios in basalts 
correlate well with e m values (Figure 9), the Sr data can 
clearly be considered consistent with the model. A more In- 
teresting test comes from a comparison with 3 He/*He ratios 
In volcanic gases. The isotope 3 He Is not produced In the 
earth In significant amounts, and therefore any that Is pres- 
ently coming out of the earth must date from the time ol the 
earth's origin. Anomalously high 3 He/ 4 Ha ratios have been 
found associated with midocean ridges, oceanic Islands, 
and some continental volcanic areas, like Yellowstone 
[Craig et al., 1978]. This Implies that the earth has not been 
already thoroughly outgassed. The model ol a lower mantle 
that has been more or less Isolated from the earth’s sur- 
face for ail or most of its existence is clearly consistent wllh 
the retention of gases deep in the earth. Furthermore, 
those basalts that appear to have the greatest contribution 
coming from the lower mantle on the basis of e w values 
also are associated with lhe highest WHe ratios. This 
correlation needs further documentation but Is In the cor- 
rect sense. A possible problem area with lhe model in- 
volves Pb Isotopes, where the model appears to be too 
simple to explain the data. This may be due to lhe likely sit- 
uation that Pb Isotopes In lhe mantle are strongly affected 
by the recycling of relatively small amounts of crust back 
Into the upper mantle. Also Pb Isotopes could be affected 
bv any exchange ol material between the core and lhe 
mantle [Dupri and Allegro, 1980], Other problems with the 
modellnclude the natdre of the separation between upper 
mantle and lower mantle, especially since some 'leakage* 
from one Into the other Is necessary to satisfy the observa- 
tions Also, the mixing origin of the em values Intermediate 
between 0 and +10 could be questioned. A priori, one 
might not expeot clustering of Intermediate values if they 
are mixtures of two end-member compositions. Although 
there are problems. it Is nevertheless surprising that a rea- 
sonably simple model can explain so many of the observa- 
tions.. '• 


The Earth vs. the Moon 

The Sm-Nd Isotope system has also allowed comparison 
ol the early histories of the earth and the moon in a way 
that was never before possible. When the Initial K Nd values 
ol lunar basalts are plotted In the same way shown in Fig- 
ure 4, they show a large degree of scatter aboul the Chur 
curve (Figure 8). This scatter Is much greater than that 
shown by terrestrial samples of equivalent age. Taking the 
lunar basalts to be representative of the r rJd values in the 
lunar mantle, it is clear that the moon became a highly het- 
erogeneous body very soon after it formed. In contrast, the 
earth was apparently quite homogeneous throughout the 
first 1 to 1 .5 eons of Its existence. The current interpreta- 
tion of this rather drastic difference is that It Is related to the 
size of the bodies. The moon, which has only one sixth the 
mass of the earth, was heated sufficiently by the release of 
gravitational energy for melting to take place soon after ac- 
cretion. This melting resulted In the formation of the lunar 
crust, which has a low Sm/Nd like the terrestrial cru9l, and 
complementary mantle layers with high (but variable) Sm/ 

Nd (cf. Taylor, 1975]. The earth also probably became hot 
enough to melt very early. The moon, however, cooled rel- 
atively quickly after the initial burst of heat, and the layered 
structure became permanently ‘frozen in.' By virtue ol its 
greater size, much mors initial energy was released in the 
earth, and still more may have been released when the 
earth s dense iron core formed. This energy was apparently 
sufficient to keep the earth a well-stirred cauldron for a bil- 
lion years or more. It will be of considerable Interest to de- 
termine if this theory ol the size dependence of planetary 
history holds for Mars, Venus, and Mercury. The abun- 
dance oi water may also be Important, as the moon Is de- ( 
void ol wator, In contrast to the earth. < 

Some Petrologic Inferences 

One ot the most interesting findings that has come from 
the Sm-Nd studies Is that the e Nc] values of young oceanic 
basalts correlate very well with the initial B7 Sr/ B6 Sr ratios 
(Figure 9). Although this correlation is not well understood 
yet, it is clearly a fundamental datum for all future models 
of earth evolution. Broadly speaking, it indicates that shifts 
in Sm/Nd in lhe earth's mantle are uniformly associated 
wllh complementary shifts in Rb'Sr. This simple observa- 
tion has, in fact, paved the way for earth models ol the type 
discussed above because it demonstrates a consistency 
and coherence between the behavior ol elements that differ 
substantially in their geochemical properties Its importance 
can be appreciated il one considers that prior to the Sm-Nd 
measurements, the existing data. Irom Rb-Sr and U-Th-Pb 
measurements, showed no relationship whatsoever, which 
made attempts to create any unified models extremely diffi- 
cult. 

Oi more direct petrologic Importance is the striking diver- 
gence of island arc p, M values from the general trend de- 
fined by all other oceanic lavas. The shift toward higher 
fl7 Sr/ M Sr Is due to the Influence of ocean water in the for- 
mation oi these rocks. Ocean water contains substantial 




Fig. 8. e w values lor lunar basalts (compare Figure 4). The 
large scatter Indicates that the lunar mantle became highly chemi- 
cally heterogeneous within the first lew hundred million years after 
toe moon formed. The earth's mantle, In conlrasl, was highly ho- 
mogeneous for almost half of the earth's history. (Data from a 
8ummaiy by Nyqulst at al. [1979]). 



Fig. 9. Correlation ol ( M and fir 8r/®®Sr (expressed here as e 8 .) 
lor most oceanic basalts la shown aa the zone labeled ’Mantle Ar- 
ray.' Island arc volcanic rocka deviate markedly from this trend 
[DePaolo and Johnson, 1 978). 
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amounls of Sr with high ^Sr/^Sr, but since II contains van- 
ishingly small amounls of Nd. (here is no effect on e M . The 
only known malerlal that has elevated B7 Sr/* 6 Sr in relalion 
to tN,, Is ocean floor basalt lhat has exchanged Sr with the 
healed ocean water which circulates through fractures in 
Ihe solidified basall at midocean ridges, driven by the heal 
of shallow magma bodies. The divergence of Island arc t Nd 
values from the main trend has, therefore, been Interpreted 
as evidence lhai Ihe magmas lhat have erupted from Island 
arc volcanos have been generated from the mailing of 
ocean floor basalt lhat Is descending Into Ihe mantle along 
aubduction zones beneath the volcanos. Thfs model for the 
origin of island arc magmas had bean proposed much earli- 
er. but these data represent one of the few good tests of 
the hypothesis. The InsensfllvUy of Nd Isotopes to hydro- 
thermal alteration also make them useful for studying the 
Isotopic composition of older part9 of Ihe ocean floor where 
unaltered basalt has bean difficult to find. 
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Geochronology — Sensu Stricto 


Fig. 1 1 . e Nd values measured In ocean water and ferromangan- 
ese nodules from different oceans [from Plepgras et al, 1979) 


n additional feature of Ihe Sm-Nd isotope system Is lhat 
It can be used to determine the age of certain types of 
rocks that have been difficult to date by other methods. 
Furthermore, the Sm-Nd ages are resistant to mlfd mate- 
morphism, which can obscure the true ages of rocks by 
disturbing the systematic Isotopic relalfonshlps that yield 
the age Information. 

A rock type dial has been particularly problematical Is 
basalt and its coarser-grained equivalent, gabbro. especial- 
ly those of great age. As noted above, these rocks are im- 
portant because they are samplers of the mantle isotopic 
ratios. Also, they are often vaiuablo for paleomagnetlc atud- 
ios. An example of an age determination on an ancient 
gnbbro whore Sm-Nd is used Is shown in Figure 10. In ihls 
case a precise Sm-Nd Isochron ago was obtained, whereas 

Sum'll?*! Qfl _f ? coulcf b0 obtalned b y Rb -Sr. Similar results 
were obtained by Hamilton elal. [1977|. who dated a num- 
ber of Archean volcanic terrenes by Sm-Nd. The high preci- 
sion of the determined age demonstrates that it is posslbfe 
to obtain age resolution in very old rocks that is compara- 
ble to Ihe resolulion obtained for Phanerozofc racks. De- 
tailed knowledge of age relationships between different 
l n i‘ 9 ' whi ? wil1 be necessary in order to compare the 
and sequences of geologic processes at pres- 

bv rnmh ni°« 0 f h o' 0 m ®° ns as0, ls ,h9r0,oro accessible 
by combining the Sm-Nd method with other methods that 

® e ? s,,,ve for othBr rack types. Application of 
these precise dating techniques in consort with geologic 

Tha Sm Nd bri ^ l0 r es has yel 10 undertaken. 

^ ® yste ra al f° offflre 0 means of better determin- 

IKSSK vo,canic uni,s used ln paleomaane - 


bulk ol the dissolved rare earths In the oceans Is derived 
from continents. These preliminary studies show that Nd 
isotopic studies of oceans may be useful for the study of In- 
terocean mixing rates and the currents responsible for such 
mixing. The data also reveal a curious Irony: the of dif- 
ferent oceans are drastically different, while In the man- 
tle beneath the oceans Is virtually Identical for all oceansl 
Apparently, for Nd Isotopes the mantle Is a more well- 
mixed system than the oceans. 
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Sm-Nd Isotope studies are now firmly entrenched as a 
tool of first-magnitude importance for the unraveling of 
planetary histories. They will no doubt play a leading role In 
he characterization of evolutionary time scales for Mars, 
Venus, and Mercury If (or when) rock samples from those 
planets are returned to earth. But In conclusion, it may be 
prudent to raise- an Issue that has been glossed over In this 
presentation but still remains an Important problem. 

Having died the correspondence between the Sm/Nd i a - 
, ,be 0adb and *hat of chondrites as a central strength 
of the Sm-Nd isotopic Investigations, it la an edifying exer- 

Srth? T ? rt ^,L he p0S8lbi,,ty that the Sm/Nd ratio of the 
earth Is in fact different from lhat of chondrites by a small 

but significant amount. This Issue has recently been called 
0 at lenlfon by a revision of the Chur evolution curve that 
esulled from a set of precise measurements of meteorites 
nat!* 3 * 3 ? 6 * 1 fl '!f W83Serbur 9 [19801 at Caltech. Possible 
thft 5Ti ° r M U u h a l herel[cal circumstance Include the fact 
ri,?r J5 sm ? but . sl 9niiicant Sm/Nd fractionation occurred 
: ^S° n B " Sat,0n or chondrit0s d o not precisely cor- 

TL « C °? 1p{ l Si,f0n of lhe earth for rare-earth ele- 
ments. Theoretical calculations suggest that the former al- 
ternative is possible but not likely [Boynton 1975] The lai- 

ter aternauve Isa fundamental ae^hLicalquestlon lMt 

f raV8d rue ‘ ,he ramifications would be far-reach- 
te 9 Furth«LEL eSe ?h ‘ 6re ,S no sub8tant,al indication that It 

Lnd?ltlcSH !n C HTH 9SpOndenC0 b8tween ,he so,ar and 

Mrth < d P resent understanding of rare- 

® adh beha vlor during condensation, suggest that it is an 
unlikely circumstance. A third possibility somewhat mom 
Is 'hat a shift of Iha eaZ s^Nd oc- 
cuiTsd as a consequence of formation of the moon by fls- 

lairll he earth {FlflUre 12 >- Flss| on {or alternative but 
Hm.e? 9l » US P^ 0008388 ) has been discussed more or less se- 
riously for a long lime [cf. Rlngwood 19751 if en^h a nm 
oess did occur, T. Is poUleffita 

basSlcreaa^nr™ 1 T 8 ' proba “S' see ,hB Sm-Nd data 
DHse increase enormously as more laboratories bealn in 

-•S skss;: asssi 


early shift in V 
EARTHS Sm/Nd \ 

{moon) 4 w g 

^ oi - 2 3 4 5 

age (/£>.<►; 5 


■ Tid-iZ; 

mpon from ihe earth,: ' ne ; 


18 a,so ,n 07d ® r - however, as Nd Isotopic measurement ^ 
quire a precision and accuracy that Is at the limits nf ik/ 
capabilities of the best current instrumentation itls in , 
this necessity that prevented implementation of themaS 
until the 1970's, whan a new generation of 
meters emerged [Wasserburg et al., 1969]. A praoerwm. 

lack of Interiaboratory comparisons via well-characterbS 
standards, can leave even an expert at a loss when at 
tempting to evaluate and compare data. 


References 


Boynton. W. V., Fractionation In the solar nebula: Condensailnn m 
yttrium and the rare earth elements. Qeochlm. cSS 
Acta, 39, 560-684, 1975. 

eraig, H„ J. E. Lupton, J. A. Welhan. and R. Poreda. Helium iso- 
tope ratios In Yellowstone and Lassen Park volcanic oases 
Qeophys. Res. Lett., 5, 897-900, 1978. 

Dl and 5' W ; J ? hn80n - Ma 0 ma seneefs Fn the Nm 
Britain island-arc: Constraints from Nd and Sr Isotopes and 
trace-element patterns. Contrib. Mineral. Petrol., 70, 367-079 
1 978. 1 

DePaolo, D. J., and G. J. Wasserburg, Nd isotopic varlaBona and 
petrogenetic models, Qeophys. Res. Lett., 3, 249-252, 1976s 
De Paolo, D. J., and G. J. Wasserburg, Inferences about magma 
sources and mantle struoture from variations of 143 NH/ ,44 Nd 
Qeophys. Res. Lett., 3, 743-746, 1976b. 

DeFaol °' D i i ■ and 2- J- Wasserburg, Nd Isotopes In flood basalts 
from the Siberian Platform and Inferences about their sources 
Proc. Nat. Acad. Sd. USA, 76, 3056-3080, 1979a. 

De Paolo, D. J., and G. J. Wasserburg, Sm-Nd age of the Stillwa- 
ter complex and the mantle evolution curve for neodymium 
Qeochlm. Cosmochlm. Acta, 43, 999-1008, 1979b. 

Dupro, B.. and C. J. Allegre, Pb-Sr-Nd Isotopic correlation and Iha 
chemistry of the North Atlantic mantle, Nature, 286 17-22 
1880. 

Hamilton, P. J R. K. 0*Nlon9, and N. M. Evenson, Sm-Nd dating 
of Archean basic and ultrabaslc volcanlcs, Earth Planet. Sd 
Lett., 36, 283-268, 1977. 

Haskln, L. A., and T. P. Paster, Geochemistry and mineralogy ol 
me rare earths, In Handbook on the Physics and Chemistry ol 
Rare Earths, edited by K. A. Gschneldner, North-Holland, Am- 
sterdam, 1979. 

Haskin, L. A.. F. A. Frey, R. A. Schmitt, and R. H. Smith. Malnor- 
ihc, solar, and terrestrial rare-earth distributions, Phys. Chm. 
Earth, 7, 167-321, 1066. 

Jacobsen, S. B.. and G. J. Wasserburg, Sm-Nd Isotopic systemat- 
ica of chondrites, Lunar Planet. Scl. 11, 502-504, 1980. 
Uigmair, G. W., Sm-Nd ages: A new dating method (abstr.). Mete- 
orit/cs, 9, 369, 1074. 

Lugmalr, G. W., N. B. Scheinln. and K. Marti, Sm-Nd age of Apofio 
17 basalt 75075: Evidence for earty differentiation of the lunar 
exterior, Geochlm. Cosmochlm. Acta, SuppL (6), 1419-1429, 
1975. 

Myqulat. L. E., B. M. BansaJ, J. L. Wooden, and H. Wfesman, Sr- 
isotopic conelralnta on the petrogenesla of Apollo 12 mare ba- 
sahs, Qeochlm. Cosmochlm. Acta, SuppL, (8), 1388-1415, 

Nyqulst, L. E^ C.-Y. Shih, J. L. Wooden, B. M. Bansal, and H. 
wiesman, Tha Sr and Nd Isotopic record of Apollo 12 basalts: 
implications for lunar geochemical evolution, Qeochlm. Cosmo- 
n<™ m ' Suppl -' f 10 )> 77-114, 1979. 

° P ‘ ^Hamilton, and N. M. Evenaen, Variations m 
, „ , , Nd and 07 Sr/® B Sr ratios In oceanic basalts, Earth Ram 
el. Sd. Lett., 34, 13-22, 1977. 

Piepgras, D. J., G. j. Wasserburg, and E. J. Dasch, The leoloplc 
composition of Nd in different ocean masses, Earth Plenal. Sd. 
Lett., 45, 223-238, 1979. 

Richard, P N. Shimizu, and C. J. Allegre, 143 Nd/ ,4a Nd, a natural 
I ac ® 7 ' application to oceanic basalts, Earth Planet Sd. Lett, 
31, 269-278, 1978. 

Ringwood, A. E., Composition and Petrology of Ihe Earth's ManSo, 

8 8 pp., McGraw-HIfl, New York, 1975. 

Taylor, S. R., Lunar Sdence: A Post-Apollo View, 372 pp., Parga- 
mon, New York, 1975. 

Wasserburg, G. j., and D. J. DePaolo. Models of earth structure 
interred from neodymium and strcnllum Isotopic abundances, 
... Pr0G -NaLAcad. Sd. USA, 76, 3594-3598, 1979. 

Wasserburg, G, j., d. A. Papanastasslou, E. V. Nenow, and C. A. 
Bauman, A programmable magnetic field mass spectrometer 
with on-line data processing, Rev. Sd. Instr., 40, 288-296, ISw- 



Donald J. DePaolo Is an assistant professor of geology and t 
wwmlstry at the University of California, Loa Angeles, He hoMi 
b.s. from the Stale University of New York at Binghamton epo 
ol 1 . J n *. 0eolo9y ,rom the California Institute of Technology. 


Jl. 0eolo9y ,rom tha California Institute of Technology. W 
fh? -t? 8 C0n,0 red on problems associated with the evoluttoi 
ine earth a mantle and crust, the origins of Igneous rocks, a nd 

thermodynamics of magmas. 




EOS, vol. 62. no. 14, April 7. 1981 141 



Winker Snow Drought 

The winter of 1980-81 can be best described as a ‘snow 
drought.' Donald R. Wlesnet and Michael Matson of 
NOAA'8 National Earth Satellite Service, who have been 
monitoring snow cover by using satellite measurements, re- 
port that the December-February snow cover In North 
America averaged only 13.9 million square kilometers, 
which is four standard deviations below the 10-year mean 
(15.5 million km 2 }. January 1981 snow cover (14.1 million 
km 2 ) was the all-time lowest January since the satellite rec- 
ords began (1966). February, with only 14.2 million km 2 , 
was the lowest February of record. As a result, Wlesnet 
and Matson are estimating that the December-March total 
will also be the lowest of record. 

Figures for Eurasia are also below average, but not as 
dramatically as those of North America. When added to- 
gether, snow cover on both continental land masses is the 
lowest (40.6 million km 2 ) It has been since 1970. 

Many regions are dependent on snowmelt to sustain 
their water supplies throughout the year. Although the 
drought In the northeastern U.S. has abated In recent 
weeks because of rainfall, other areas dependent on snow- 
melt /unoff will be forced to plan for a reduced seasonal 
supply. 

This Item was submitted by Don Wlesnet, who Is a mem- 
ber of AGU'8 snow and Ice Commission. 88 


Ocean Objectives for the ’80’s 

Seven goals and objectives for services to ocean opera- 
tions in the coming decade are outlined in a recent report 
by a task group of the National Advisory Committee on 
Oceans and Atmospheres (NACOA). The group also Identi- 
fied the principal driving forces expected to influence ocean 
use. 

NACOA [Eos, February 24, p. 76) advises the President 
on ocean and atmospheric affairs. The Task Group on 
Services to Ocean Operations, chaired by Robert M. White 
at the University Corporation .for Atmospheric Research, is 
one of six task forces established by NACOA to identify 
goals for ocean activities. The task group's recsnt report fo- 
cuses solely on civilian programs. 

The 'principal engines of change' singled out in lhe report 
are projected new ocean uses, shifting population growth to 
coasts, energy, fisheries, and science and technology. 
Among these are ocean thermal energy conversion (OTEC) 
and noxious waste disposal. These uses raise the need for 
assessment of possible environmental effects, the task 
group said. The big pushes for ocean use from science and 
technology, according to the report, come from satellite 
platforms, remote sensing, computer data banks, Improved 
seabed geology studies, and ocean current studies. Also 
Included In this category are advances in the National Cli- 
mate Program, with Implications for transportation, agricul- 
ture, and recreation. 

In light of these driving forces, the task group outlined 
seven goals and objectives: 

• Ocean observation and prediction: To Implement a 
new ocean observation system by deploying advanced 
technology and by using the new Information to predict in 
real time Ihe state of the oceanic environment. 

• Navigation and positioning: To realize an all-weather 
worldwide navigation system of high precision for resource 
exploration and development and for vessel traffic control. 

• Mapping and charting: To Improve the productivity, 
coverage, and responsiveness of present ocean mapping 
and charting programs. 

• Ocean date and Information dissemination: To estab- 
lish a fast-response, technologically advanced, ocean envi- 
ronmental data archival and dissemination -system to meet 
user needs. 

• Monitoring the ocean: To design and Implement a 
system for monitoring and assessing oceanic water quality 
ana other parameters that affect ocean life end that are re- 
0u ' red for fishery and pollution management. 

Nat tona! ocean measurement capability: To establish 
«w measurement capabilities, Including the development 
' submersible manned and unmanned vessels. 

improved Arctic and Antarctic Ocean Information: To 
nsure the provision of ocean and atmospheric Information 
purees necessary for support in the polar regions. 

°f the task group's recommendations are not pos- 
h ' e J n President Reagan’s proposed fiscal 1982 budget, 
ou For BXam Pts. the first goal calls for development 
iinrL?^ onal OC0an satellite program. Reagan cut the Na- 
iFno ° C6an,c Satellite System (NOSS) from the budget 
anrti , h 24 > P- 123). In addition, the goal of ocean data 
Infn/ n °.[ rnat * on ^semination requires the establishment of 
and « ° n ayatemB to tie Into coastal zone management 
hi»or, » 9 , rant Praflrams; both of these programs have 
Ruul m nated from NOAA’s budget, 
of nL? B task 0rou P asserted that it takes a long-term view 
maV®°? and recognizes that 'short-term fiscal constraints 
Planning 11 ' ad J ustmenl8 ,n the recommended program 

JalnaTc? 1 ? °* the task group are chairman White; D. . 
B au ' s c, ak , 8r ’ Jr - University of Washington; Werner A. 
canr' Fk)r,da State University; William A, Radllnskl, Ameri- 
MantpSh 9 / 0 . 88 on Surve ying and Mapping; Owen W. Slier, 
an, international Coro ■ Athelstan F.' SDilhaus. Unlver- 


Jamac D ih sk group are cnairman wnue, u. . 

Bauirf ci 5 Jr '- University of Washington; Werner A. 
can rvT° rida StatB University; William A, Radllnskl, Ameri- 
MantftS re . 8s °n Surveying and Mapping; Owen W. Slier, 
alIv nfQ h J r l t u 0rna,Ional Corp.; Athelstan F. Spllhaus, Unlver- 
WatRr h * ern Ca,| f°rnla; Sharron L. Stewart, Texas Deep 
consh- -^Authority; Verner E. Suomi, University of Wfs- ; 
Univflii , Iraadwell, Texas A&M University; Don Walsh. 
Nations in' . South0 rn California; Warren M. Washington, ■ 
ton nra Center f° r Atmospheric Research; Elmer P. Whea- 
. 8 “aan technology consultant .— BTR 88 


Lightning Superbolts 

! yP ? of lightning bolt previously not thought to oc- 
cur In flatlands has been Identified In Oklahoma prairie 

uL™? ^ couW P° 8B a danger to structures not built to 
withstand it. Researchers at NOAA say the discovery could 
Indicate that buildings or power plants designed on the as- 
sumption that such destructive bolts do not occur In llatland 
might not be safe. The positive charge cloud-to-ground 
flashes once were thought to strike only when triggered by 
a tall structure or mountalntop, or, on rare occasions, at Ihe 
end of a storm. 

‘Most storms never produce this kind of lightning. In a 
few storms, there may be one positive boll, just as the 
storm Is dissipating— sort of the last gasp of the storm ac- 
cording to David Rust of the National Severe Storms Labo- 
ratory. Rust added that the triggered bolls often are very 
nigh current, making them especially destructive. 'We know 
these bolts don't occur In garden variety storms. We are 
trying to find If the occurrence of this kind of lightning is 
linked with storm severity,’ Rust said .— PMP & 

Decline in Tornado Death Rate Faces Test 

Although records show a 3-year decline In tornado-relat- 
ed deaths, the trend could reverse between now and May, 
the peak tornado month. Therefore, NOAA and Ihe Federal 
Emergency Management Administration (FEMA) are urging 
that the public be prepared to lake Ihe appropriate safety 
measures. 'It Is vital lhat people not relax their vigilance 
against these destructive storms,' Richard E. Hallgren, di- 
rector of the National Weather Service (NWS) said. If they 
do, we could witness an unwarranted number of casual- 
ties.’ 

Last year's 28 tornado-related deaths were the second 
lowest since records have been kept. There were 53 fatali- 
ties In 1978 and 84 in 1979. The 30-year average Is 111, 
'The low tornado death rate last year can be attributed, in 
part, to the occurrence of only five.major killer tornados, 
compared to about 20 for an average year.' said Fred 
Ostby of NOAA. 

‘Other contributing factors include the tornado watch and 
warning programs, local spotter groups, and the tornado 
preparedness activities of the Federal Emergency Manage- 
ment Administration,' he added. 

The most deadly 1980 tornados occurred at Grand Is- 
land, Neb., on June 3, when seven struck, killing live peo- 
ple and causing an estimated S300 million in damage. Ma- 
jor storms also hit in Kansas, Iowa, Indiana, and Pennsyl- 
vania last year. Kansas, Missouri, and Oklahoma had fewer 
than normal because of drought and excessive heal. 

Statistics on numbers of tornados and the resultant 
deaths can be traced back to 1916. Since that dale and 
through the 1980 tornado season, there were 25,968 torna- 
dos throughout the United States, resulting In 1 1,301 
deaths. The increasing numbers of tornados, listed by dec- 
ade In the table, are not due to more occurrences but re- 
flect better reporting procedures— PA40 


Decade 

Tornados 

Deaths 

Tolal Property 
Losses 

1916-1919 

356 

1,043 

6.7* 

1920-1929 

1.325 

1 ,16©t 

6.8 

1930’s 

1,685 

1,945 

6.6 

1940's 

1,554 

1,786 

6.9 

1950's 

4,793 

1,409 

7.2 

1960's 

6,816 

934 

7.5 

1970'S 

8,575 

987 

8.5 

1980 year total 

864 

28 

— 


Annual Averages 


1916-1980 

406 

177 

— 

1960-1980 

813 

97 

— 

(20 year) 




1950-1980 

702 

112 

— 

(30 year) 
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6— $500,000 to $6 million; 7— $5 million to $50 million; 8— 
$50 million to $500 million; 9— $500 million and over. 

j-lncludes most deadly tornado on record: March 18, 

1925. This tornado killed 689 people, while sweeping a 
220-mlle path through southern Missouri, Illinois, and Indi- 
ana. 88 

Gamma Ray Observatory Survives 

Right now the budgetary position of NASA science proj- 
ects for fiscal year 1982 Is shaky, outside of the Space 
Shuttle Program, Two scientifically crucial missions being 
planned are the Gamma Ray Observatory (GRO) and the 
Venus Orbiting Imaging Radar (VOIR). President Reagan's 
proposed budgetary cuts have left both programs Intact but 
delayed. For FY 1982, GRO will be able to continue at only 
15% level — 'about enough money to keep Ihe papers shuf- 
filng,' according to a NASA official ( Sdence News, Mar. 14, 
1981). Nonetheless, the Importance ol planning the GRO 
mission, now scheduled for a launch date In 1988, has 
prompted the selection of Instruments as follows: 

Transient event monltor-whlch will detect the short, In- 
tense bursts of gamma rays of currently unknown origin 
and localize them with sufficient accuracy to determine their 
distribution In the galaxy. . „ t 

High-energy gamma ray telescope— which will measure 
the ehergy spectrum and arrival directions of the hlgheBt- 

energy gamma rays that can be observed. 

Imaging Compton telescope— which will provide gamma 
rav maps of the celestial sphere at medium energies. 

Low-ehergy gamma ray spectrometer— which will search 
the lowesl-energy gamma rays for spectral features, such 
as evidence of nucleosynthesis In supernovas. 

. : Studies of gamma ray sources; and gamma ray produc- 


tion are at the very heart of understanding the dynamics 
and evolution of stars, galaxies, and the universe. Gamma 
rays are produced In the most powerful processes in Ihe 
universe, and their high energies qualify them as the most 
direct probe we have of these processes. The gamma rays 
measured by the GRO begin at about 100,000-eV (100- 
keV) energy and continue up to several hundred million 
electron volts energy (100 MeV, or more). 

Principal Investigators for the four Instruments are Gerald 
J. Fishman, Marshall Space Flight Center, Huntsville, Ala., 
for the transient event monitor; James D. Kurfess, Naval 
Research Laboratory, Washington, D.C., lor the low-energy 
detector; Carl Flchtel, Goddard Space Flight Center, 
Greenbelt, Md., Robert Hofstadter, Stanford University, and 
Klaus Plnkau, Max-Planck-lnstltute, Munich, for the high- 
energy telescope; V. Schoenlelder, Max- Planck Institute, 
Munich, John A. Lockwood. University of New Hampshire, 
B. N. Swanenburg, University of Leiden, the Netherlands, 
and B. G. Taylor, Space Science Department of European 
Space Agency, The Netherlands, for the medium-energy 
Compton telescope. 

The predecessor spacecraft to the Gamma Ray Observ- 
atory are the High-Energy Astronomy Observatory 3. which 
looked at high-energy x rays and low-energy gamma rays, 
and the Small Astronomy Satellite 2 and the COS-B (a Eu- 
ropean satellite), which looked at high-energy gamma rays. 

The Gamma Ray Observatory will be placed into a 400 
km high, 28.5° inclined circular orbit. It Is expected to pro- 
vide Information on gamma rays for 2 years. It will be one 
of the largest observatory satellites ever placed in orbit, 
weighing about 10.432 kg and measuring 7.8 m long and 
3.8 m In diameter .— PMB « 

Columbia's First Shakedown Flight 

The space shuttle orbfter Columbia, first of the planned 
fleet ol spacecraft in the nation's space transportation sys- 
tem, will liftoff on its first orbital shakedown flight an or 
about lhe 10 th of April 1981. Launch will be from the NASA 
Kennedy Space Center Launch Complex 39 A, no earlier 
than 45 minutes after sunrise. Crew for the first orbital flight 
will be John W. Young, commander, veteran of two Gemini 
and two Apollo space flights, and U.S. Navy Capt. Robert 
L. Grippe n. pilot. Crippen has not flown in space. 

Columbia will have no payloads in the payload bay on 
this first orbital flight, but it will carry instrumentation for 
measuring orbiler systems performance in space and dur- 
ing its glide through the atmosphere to a landing after 54 % 
hours. 

Extensive testing of orbiter systems, including lhe space 
radiators and other heat rejection systems, fills most of the 
STS-1 mission timeline. The clamshell-like doors on Co- 
lumbia's 4.6 by 18-m payload bay will be opened and 
closed twice during the flight for testing door actuators and 
Jatch mechanisms in the space environment. 

Other tests will measure performance of maneuvering 
and attitude thrusters, the Columbia’s computer array and 
avionics 'black boxes,' and, during entry, silica-tile heat 
shield temperatures. 

The first of lour engineering test flights, STS-1 (see fig- 
ure) will be launched into a 40.3° Inclination orbit circular- 
ized first at 241 km and later boosted to 278 km. Columbia 
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Landing 


will be used in these lour lest flights In proving the com- 
bined booster and orbiler combination before the Space 
Transportation System becomes operational with STS-5, 
now forecast for launch In September 1982. 

After 'tower clear 1 the launch team In the Kennedy Space 
Center firing room will hand over STS-1 control to flight 
controllers In the Mission Control Center, Houston, for the 
remainder of the flight. 

Columbia's two orbital maneuvering system hypergollc 
engines will fire at approximately 53 V a hours over the Indi- 
an Ocean to bring the spacecraft to a landing on Rogers 
Dry Lake at Edwards Air Force Base, Calif,, an hour later. 
The approach to landing will cross the California coast near 
Big Sur at 42,870 -m altitude, paas over Bakersfield and 
Mojave, and end wllh a sweeping 225” left turn onto final 
approach. 

Young and Crippen will land Columbia manually on this . 
first lest flight. A microwave landing system on the ground ' 
will be the primary landing aid In subsequent fifghls, with , 
optional manual takeover. Kennedy landing teams will re- 
move Ihe flight crew and 'sate' the. orbiter after landing. . 

The first three test flights land on Rogers Dry Lake, the 
tourth on the main runway at Edwards Air Force Base, and; 
STS-5 will land on lhe 4570 -m concrete shuttle landing fa- 1 
cllity runway at Kennedy Space Center. 

8TS-1 will be Ihe first manned. flight UBlng solid rocket 
boosters. Note (hat no previous U.S. space vehicle has 
been manned on Its maiden flight. [Material from NASA}—. 
PMB IS 

(News coni, on page 142 J 
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Volcanic Violence Varies Vista 


This recont photograph shows Mount St. Melons' 
orator about a yoar alter (he volcano came to life on 
March 27. I960, following 123 years ol quiet. The 
lave dome (the darkenod, raised area In the photo’s 
cantor) dovefopod during the volcano s eruptions over 
thn last several month a. The dome now measures 


Geophysicists 


James Andrews, marine geologist and geophysicist, has 
assumed the position of director of the Ocean Science and 
Technology Laboratory of the Naval Ocean Research and 
Development Activity (NORDA). 


Geophysical Events 


This Item comprises selected reprinla from the SEAN Bulletin, 6 
|2). dated Feb. 28, 1 98 1 (with data Included through Mar. tQ). 
SEAN Bulletin is a publication of (he Smithsonian Institution. 


Volcanic Activity 


Mount St. Helens Volcano, Cascade Range, southern 
Washington, USA (46.20° N. 122.1ff*W). All limes are local 
(GMT - 8 h). Mount St. Helens remained quiet as of 
March 10, as it has since the end of the lava extrusion epi- 
sode of February 5-7. The February lava approximately 
doubled the volume of the composite dome In the crater, 
adding about 5 x I0 fl m 3 of new material to the 1.5 x 10" 
m J extruded October 18-19 and the 3.5 x 10" m 3 extrud- 
ed December 27-January 4. All of the preexisting dome, 
except for a portion of the December- January southeast 
lobe, wes covered by the February lava. Between February 
8 and 21. the February lobe spread 12 m while sagging 3 
m. resulting in dimensions tor the new lava ol 281 m in E- 
W direction and 119 m in maximum height above the crater 
floor. 

Low-lrequency volcanic earthquakes associated with the 
February lava extrusion ended February 9 . Occasional 
bursts ol seismicity conlinued to be recorded. One such 
burst, on February io at 0915. coincided wilh the emission 
ol a cloud of steam, containing a minor amount of ash, that 
rose to 4-km altitude. Field crews reported hearing a boom 
prior to this event. Some rock avalanche events were also 
recorded alter dome emplacement ended. A magnitude 5.5 
tectonic earthquake occurred late February 13 (early Feb- 

Hirth «fu GM I , o S l B ? 1 0 , ar1hquak0 ,abf0 ' P-1 44) about 12 km 
north of Mount St. Helens. As of February 28, about 175 

aftershocks greater than magnitude 1 had been recorded, 
rnrough the end of February, seismographs continued to 
I® 00 ™, 3 ! ® w rak avalanche events and burets ol seismic- 
ity or the typo that has sometimes been associated with 
steam explosions. Clouds prevented observations of (he 
crater tor much of February, but clear weather on the 28th 

!^ a ?S. e l fl J den f 0 0/ num0r °us minor steam explosions on 
the north side of the lava dome. 

Geodetic measurements showed a few centimeters of 
horizontal contraction of the Mount St. Helena edifice be- 
tween Fobruary 4 and March 5. No significant movement ol 
the northern crater rampart occurred after the early Febru- 
emplacement, nor has Ihere been any measur- 
abtodelormatlon of the crater floor during this period. 

The following, from W. G. Melson, is based on micro- 
probe analysos performed on the 1980-1001 Mount St. 
Helens eruptive s. 


The SiOj content of essentia! ejecta from Ml. St. 
Helens underwent a eltght Increase In the 7 August 
eruption, which peaked In the 17-19 October emptlon 
but remained lower than lor the 18 May tephra. Thla 
temporarily reversed a prior trend toward more basic 
compositions, which resumed with the Deoember-Jan- 
uery and February dome enlargements. CaO, FeO, 
and MgO show an Inverse relationship to SIO* (Flqure 
1), an expected relationship in a 'normal' fractionation 
sequence. 


JnfwmaOon contacts: Don Swanson and Chris Newhei 

*» E .McU Ufl h»n; 


150 m In height and Is 610 m long. The upper part of 
the photo shows the steep walls of the 2-km by 3.2- 
km crater. Currently, the crater occupies the general 
area of the north face of the mountain, which bulged 
for months prior to the violent May 18 eruption. (Pho- 
to courtesy of the U.S. Geological Survey, Depart- 
ment of the Interior) 
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Fig. 1. Change ol SIO Zl CaO, FeO, and MgO as a function ol 
time of eruption. The analyses are by electron microprobe analy- 
ses or fused powders, performed at the Smithsonian Institution. Dl- 
vtalon of Penology and Volcanology, by W. Q. Melson, J. Nelen, 
and T. O'Hearn. Each analysis is the average of the following 
number of individual anatyses of essential ejecta; May 18, 9; May 
25. 11; June 12, 9; July 22, 7; Aug. 7, 10; Oct. 17-18, 11; Dec.- 
Jan. dome enlargement, 0, Feb. dome enlargement, 1 (sample 
from D. A. Swanson, U.S. Geological Survey). Analytical precision 
for each analysis ta about a 2 tr of; SK> a ■= 0.62, FeO* (all Fe as 
FeO) = 0.43, MgO » 0.33, CaO = 0.17. 


Christina Boyko, Steven Malone, Elliot Endo, and Craig 
Weaver, Graduate Program in Geophysics, University ol 
Washington, Seattle, Washington 98195. 

Robert Tilling, U.S. Geological Survey, Stop 900. Nation- 
al Center, Reston, Virginia 22092. 

W. G. Melson, Division of Petrology and Volcanology 
National Museum of Natural History, Smithsonian Institu- 
tion, Washington, D.C. 20500. 


Pitonde la Foumalse Volcano, Reunion Island, Indian 
Ocean (21.23°$, 55.71°E), All times are heal ( GMT + 4 hi. 
A fissure eruption started February 3 on the north side of 
the updomed summit region that surrounds Bory and Dolo- 
mleu craters (see Figure 2 ). Lava extrusion from this area 
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contlnued until February 25. After about 13 hours of seis- 
micity, fissures opened on the southwest side of the sum- 
mit area and began to eject lava. The eruption was continu- 
ing as of March 3, 

Activity north of the summit, February 6-25 : During the 
first few days of the eruption, lava was extruded from a se- 
ries of radial fissures in the northern summit region. By 
February 0, lava fountafnlng was confined to a spatter cone 
at 2350-m altitude at the lower end of a fissure that opened 
February 4. Lava flows emerged from one or two vents 
about 300-m downslope from the active spatter cone and 
moved about 1.3 km to the east (see Figure 2). Fountalnlng 
was most Intense February 10 (30 m high) and February 
18 (100 m high). About February 19,- a small lava lake 
formed inside the active cone. Lava fountains rose a few 
meters above the lake surface. A 2-m-dlameter vent high 
or\ the cone emitted blue and yellow flames 3-4 m high. 
The spatter cone partially collapsed February 20. Lava 
overflowing the collapsed area formed a front 100 m wide. 

Fountalnlng and extrusion ol lava flows began a rapid 
decline on February 23 and stopped on the 25th. Several 
million cubic meters of lava were extruded during the activi- 
ty February 3-25. 

Activity southwest of the summit, beginning February 
26: Seismographs at Reunion's volcano observatory be- 
gan to record a series of small (about magnitude 1) local 
earthquakes around midnight on the night of February 25- 
26. Earthquakes became increasingly frequent that morning 
and by 1 230 were occurring once every 1 5 s under the 
summit's Bory Crater. Harmonic tremor started at 1300, 
and the beginning of eruptive activity was observed at 
1306. Two minutes later, a large black cloud rose to 2 km 
height. Two en-echelon radial fissures, trending N74°E, 
opened on the southwest side of the updomed summit re- 
gion. The upper fissure, 200-300 m long, extended from 
2400-m to 2250-m altitude. The lower fissure, offset about 
100 m from the base of the upper fissure, extended about 
100 m farther downslope. Lava fountains rose to 15-m 
height from the entire length of the upper fissure, while 
fountains from the lower fissure were 50-60 m high, After 
half an hour, lava from the two fissures had merged into a 
single aa flow 2 km long that spread onto the caldera floor 
and moved toward the south caldera wall (Figure 2). Mldaf- 
ternoon outflow rates from the two fissures were about 300 
m 3 /8 (about 1 x 10 B m 3 /h), much higher than at any time 
during the northern summit region activity earlier In the 
month. The lava was an aphyrlc basalt, as was the Febru- 
ary 3-25 material. By about 1 800, lava fountalnlng along 
the upper fissure was concentrated at its lower end, where 
a cone was growing. Seismicity ended within a few hours 
of the start of eruptive activity on February 26, a pattern 
similar to that observed at the beginning of the eruption 
February 3. 

Lava fountalnlng along the entire lower fissure continued 
until 0200 on February 27, then was limited to the middle ol 
this fissure, where a cone formed. The rate of lava outflow 
declined to 60 m 3 /s by the morning of the 27th and 10 nr/s 
tha following day. Fountalnlng from the upper fissure 
stopped February 28 but continued from the lower fissure, 
building a 15-m-hlgh spatter cone. Two other spatter cones 
formed along the lower fissure March 1, with activity con- 
centrating at one of these, also about 15 m high, on March 
2. The rate of lava production remained at about 10 m 3 /s 
as of March 2, feeding a alow-moving lava flow that was In- 
candescent for the upper 1.5 km of Its length. 

Information contacts: Maurice Krafft, Equips Volcaln, B.P. 
5, 68700 Carney, France. 

L. Stleltjes, BRGM, Service Geologlque Regional, B.P. 
1206, 07484 Saint Denis, ROunlon. 

Volcano Observatory of Reunion, c/o Instltut de Physique 
du Globe, Tour 14, University de Paris VI, Place Jussieu, 
75230 Paris Cedex 05, France. 


Krafla Caldera, Mpvatn Area, Iceland (65.71'N, 

16. 75° W). All times are GMT. The following Is a report 
from Karl GrOnvold and P8II Elnareaon. 


An eruption started In the Krafla fissure swarm short- 
ly after 1400 on 30 January. The early and main parts 
of the eruption are described In last month’s Bulletin. 

The Initial vigorous phase lasted from the first day 
until the early morning of 31 January. Then activity be- 
'gan to decrease, with shortening of the crater row, 
which initially extended 2 km and then decreasing ac- 
tivity In the craters and declining lava production. 

The final activity In the craters died out just after 
1400 on 4 February. During the eruption, alow defla- 
tion over the Krafla magma reservoirs, 8-9 km to the 
S, was observed, but Inflation started again at about 
the same time as the eruption ceased. The lava cov- 
ered 6.3 km 2 and appeared to be similar In volume to 
the two previous eruptions In July and October I 960 . 

Considerable movement of faults extending about i 
km N of the main lava (about 8 km N of the craters) 
was observed. Large volumes of steam emitted from 
these faults suggest that lava again forced Its way 
down Into the faults and then northward. Renewed 
earthquake activity In thla region on 1 February was 
possibly associated with this fault movement. 

By early March the Inflation of the magma reservoirs 
had regained over haff of the deflation that accompa- 
nied the eruption. Experience Indicates that previous 
ground, levels will be reaohed about the end of Maren 
to early April. 


Information contacts: Karl Gronydld, Nordic Volcanqlof 
cal Institute, University 6f Iceland, Reykjavik, Iceland. • •= . 

P6II Elnareaon, Science institute, University of |cetana« 
Reykjavik, Iceland. ; • • . • ’ r 


■ Em Volcano,, Sldly, Italy (3Z7&N, 15.00*5). Th?'» 
tutp lntemazlonale dl Vuloanplogla reports explosions w 
extrusion of lava frprrt Etna's northeast prater- After a P 
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of February, stronger activity began with Intense explosions 
tne evening of February 5. Lava flowed through a breach in 
the w88t-to-northwest side of the northeast crater cone. It 
formed three lobes that moved west, northwest, and north 
and covered the upper northwest slope of the volcano. The 
northern lobe, the largest, traveled about 2 km to about 
2600 -m elevation, where U had a 1.2-km front. The eruptive 
activity stopped the evening of February 7. 

Eruptions occurred at the northeast crater In 1975 and 
1977-1976. Explosions and extrusion of lava were most re- 
cently observed there In September 1960. 

Information contacts; Romolo Romano, Istiluto Interna- 
zlonale dl Vulcanologta, Vlale Regina Margherita, 6, 95123 
Catania, Italy. 

John Guest, University of London Observatory, Mill Hill 
Park, London NW7 2QS England. 

Ml. Erebus Volcano, Ross Island, Antarctica (77.56° S, 
167.17°E). The following Is a report from Philip Kyle. 

The summit crater of Mt. Erebus was visited by Jap- 
anese, New Zealand, and U.S. scientists during late 
December and early January. A 1-day visit was also 
made In November. The anorthoclase phonollte lava 
lake (first observed In 1972) was still present, although 
Its level may have been slightly lower than that ob- 
served over the last 2 years. The 120-m-long oval- 
shaped lava lake still shows a simple convection pat- 
tern with lava apparently welling up from two centers 
about a third of the way from each end. 

Small atrombollan eruptions continued at a frequen- 
cy of between two and six per day. The noise associat- 
ed with the eruptions consisted of a long drawnout 
roar. This contrasted with the strong explosive erup- 
tions heard In previous years. Although no eruptions 
were witnessed they are believed to occur from the 
small vent called the Active Vent, which Is adjacent to 
the lave lake. Very few bombs were found on the main 
crater rim during December, but In January there were 
a few sharper explosive eruptions and these ejected 
material onto the rim. 

The three nations mentioned above commenced a 
new project and installed three permanent seismome- 
ters on the mountain. The seismometers have radio-te- 
lemetry links with Scott Base (the New Zealand re- 
search station on Ross Island). Two seismometer sta- 
tions are on the W flank ot the volcano at altitudes ol 
between 1500 and 1900 m about 5 km from the crater 
rim. if Is anticipated that these stations will run until 
April, when darkness sets In. The stations should be 
reactivated in October, when new batteries will be in- 
stalled and the solar panels will function. The third sta- 
tion Is at the summit of Mt. Erebus, and has Its batter- 
ies burled In warm ground. It is hoped that it will oper- 
ate all year round. The summit station Is also 
transmitting the output from an acoustic seneor (a mi- 
crophone which monitors the sounds of volcanic erup- 
tions) and a large wire loop around the crater, which 
monitors Induced currents. A fourth permanent seismic 
station will be Installed In December 1961. 

Preliminary observations from the seismic network, 
which can detect events with magnitudes less than 1 , 
Indicate a surprisingly high level of microearthquake 
activity, with up to 10 events per day. Some of these 
are apparently tectonic earthquakes occurring some 
balance from Mt. Erebus. Antarctica has been consid- 
ered asetomic, but this Is apparently not the case, at 
least not for microearthquakes with magnitudes less 
than 3. 

Information contact: Philip R. Kyle, Institute of Polar 
Studies, Ohio Stale University, Columbus, Ohio 43210. 

Merapf Volcano, Java, Indonesia (7.54° S, 
ii0.44°E). The lava dome that began to emerge at the 
summit of Merapi In 1979 was still growing In February and 
had reached an altitude of 2947 m. Lava fragments from 
” 1e jsst and central part of the cone had moved 2.0 km to- 
JJ[f r d the Batang River and 250-500 m farther In Decem- 
5®r. Personnel at the Ngepoa Observatory have counted 
34 forger and 468 smaller lava avalanches In recent 
months. (The lime Interval was not reported.) Nudes ar- 
r 0nlea de avalanche occurred In November and December 
pot were confined to the summit area ol Merapi. Two Mina- 
rami A-type earthquakes, the first In several months, were 
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recently recorded by the seismograph at the Babadan Ob- 
servatory. No Important lahara have occurred along the Pu- 
tlh, Bebeng, and Krasak rivers since the beginning ol this 
year’s rainy season. 

Information contact: A. Sudradjat, Director, and I. Par- 
tiyanto, Senior Geologist, Volcanologlcal Survey of Indone- 
sia, Diponegoro 57, Bandung, Indonesia. 

Paluweh (Rokatenda) Volcano, Lesser Sunda Islands, In- 
donesia (8.32!* S, 121. 71° E). All times am local (GMT + 8 
h). The Volcanologlcal Survey of Indonesia provided fur- 
ther details about the Intermittent explosive activity that be- 
gan on November 5 and continued through the end of Jan- 
uary. The 40-m-dlameter crater mentioned In last month's 
Bulletin was formed during one of the early November 
eruptions and Is situated on the north northeast upper part 
of the volcano. Bombs from the 1-km-hlgh eruption column 
on November 9 measured up to 60 cm in diameter. Begin- 
ning January 18, renewed activity was reported. A hot air 
wave was felt by the Inhabitants of two east (lank villages. 
About 1650 persons were evacuated from the danger zone. 
After the explosions on January 31 a new lava dome was 
observed in the crater. Activity declined gradually, and the 
volcano appeared to be normal again on February 1 at 
1200. No casualties from Paluweh's November-January 
activity were reported. 

Information contact; Same as for Merapi. 

Semeru Volcano, Java, Indonesia (8.1 1°S, 

1 12.92°E). Ash emission continued at an average rate of 
once every 56 min in November end December. Ash col- 
umns typically rose 500-700 m above the crater rim. Some 
clouds were leas ash-rich, as indicated by a grayish color. 
Incandescent lava fragments were sometimes visible at 
night. Strombollan-type eruptions have accompanied the 
formation of the lava dome since extrusion began In 1967. 

Lava avalanches from the dome have usually been con- 
tained at about 3-km altitude on the south flank of the vol- 
cano In the upper reaches ol the Kembar River, but one 
traveled farther down the river valley In early December. In 
advance of this year's monsoon rains the Volcanological 
Survey of Indonesia has alerted local authorities to the 
south and southeast of the danger of lahars along the 
Kembar, Kobokan, Rejall, Sat, and Glidlk rivers. 

Information contact: Same as for Merapi. 

Pacaya Volcano, southern Guatemala (14.36N. 

90.BCTW). Pacaya displayed week strombolian activity 
during a visit by Michigan Technological University geolo- 
gists on February 14. This Is the first strombolian activity 
observed at Pacaya since 1975. Gas emissions have char- 
acterized the activity since late 1977. 

Lava waa fountalnlng to 200 m at 10-s to 1-min intervals 
from two coalesced spatter vents in the center of MacKen- 
ney Crater, high on the west northwest Hank. Four subsid- 
iary vents, two north of the spatter vents and two west of 
them (In the direction of the volcano summit), also ejected 
lava. New pahoehoe lava Hows, some ol which were mov- 
ing, had filled the northern hall ot the crater lloor to the rim. 
The fountalnlng was interspersed with intense, pulsating 
gas emission from the spatter vents.' 

By February 20, when Robert Hodder climbed Pacaya, 
one lava flow had traveled a quarter of the way (about 200 
m) down the north (lank of MacKenney Crater cone, over 
one of the September 1969 Hows. Within the crater, cracks 
end pressure ridges in the lava crust indicated continued 
lava movement. Strombolian activity was occurring at about 
30-mIn intervals. Patches ol sublimate were visible on the 
southeast crater wall. 

During a second climb on February 28, Hodder observed 
that aa lava had flowed about 750 m from the crater rim to 
the base of MacKenney Crater cone, Into the trough be- 
tween it and the rim of the older Pacaya edifice. The level 
of lava In the craler had risen. The two vents observed on 
February 14 had totally coalesced and had built cones 
about IB m high. The lava crust seemed solid, but incan- 
descence showed through surface cracks at night. Slrom- 
■ bolian activity occurred about every 20 min. Large cow- 
dung bombs, hurled as high as 1 00 m, fall onto the cones 
and the lava crust. Bomb ejection was sometimes preced- 
ed by a puffy steam cloud at least 300 m high. Sublimate 
solidly coated the southeast crater wall. Hodder noted that 
this eruption seemed similar to that of 1969. 

Information contacts: William I. Rose, Jr., T. J. Bornhorst, 
and Craig Chesner, Department of Geology and Geological 
Engineering, Michigan Technological University, Houghton. 
Michigan 49931. 

Robert Hodder, Department of Geology, University of 
Western Ontario, London NBA 5B7, Ontario, Canada. 

Sanllagulto Dome, western Guatemala (U.76*N, 

91.55° WJ. All times are local (GMT - 6 h). Three geolo- 
gists from Michigan Technological University spent Febru- 
ary 12 on Sanllagulto Dome, a daclte complex which has 
been growing on the eouthwesHIank of Santa Maria Voloa- 
no since 1922. At 1410 an explosion at Callente Vent (at 
the east end of the dome) sent up a 400 -m-hlgh vertical 
column of fine ash. It was the only explosion In 8 hours ob- 
servation, but two Increases In the vents vapor plume Indi- 
cated additional gas emissions during that lime. The vent 
was more active late last year when olher geologists visited 

U ‘ La ra0 dust clouds In the early morning suggested that 
avalanching was continuing down the southeast slope of 
fhe dome-Flna ash coating (he leaves and the ground was 
notable In tHe area northwest of the volcano. 

Information contaot: William I. Rose, Jr., T. J. Bornhorel; 
and Craki Chesner, Department of Geology and Geological 
fnglS^chlian fechnologlcal University, Houghton. 

M Aranfl/ Volcano, western Costa Rica (10,48°N, 

84 72* W). The following Information Is from Jorge Bar- 
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the elliptical summit crater area continued to emit block 
lava and vapor. The lava flow that began to descend the 
northwest flank In early July had reached 1100 m by No- 
vember and continued to advance. Two other flows that 
had been active in July on the southwest and west flanks 
had stopped advancing by November. A newer flow, the 
34th since nearly continuous extrusion of lava began in 
I960, descended the west flank to 1 300-m altitude, where 
it bifurcated into lobes moving weal and northwest over the 
channels of older Hows. The front of the west lobe was at 
BOO-m altitude on November 11. and the olher (NW) lobe 
had reached 1200-m altitude by November 12 A mean ve- 
locity of 1.5 knvh was measured on blocks in the ceniral 
(low channel on the upper west (lank. 

The vapor emissions observed between August 1 5 and 
20 were a little more voluminous than normal. They Includ- 
ed small quantities of ash and were accompanied by rum- 
blings. The constant noise from the violently escaping gas- 
es was occasionally loud enough to be heard in nearby vil- 
lages. Vegetation on the upper part of the volcano’s 
eastern flank had been burned by the effects of the vapor 
eruptions. The loss of vegetation had noticeably augment- 
ed fluvial erosion. 

In a separate communication, Jorge Umarta reports that 
as of early February Arenal continued to emit lava and va- 
por from the summit area. The gases had a high chlorine 
content. 

information contacts: Jorge Barquero Hemfindez, Editor, 
Bolattn de Vutcanologfa, Escuela de Clenclas Geogrfificas, 
(Jnlversldad Nacional, Heredia, Costa Rica. 

Jorge Umafla, Institute Costarricense de Eiectrlcidad, 
Depto. de Geoiogfa, Apartado #10032, San Jos6, Costa 
Rica. 

Pods Volcano, northwest of San JosO, Costa Rica 
(10.1 8° N, 84.22°W), All times are local (GMT - 6 h). Fu- 
merollc activity continued at Pods during August and early 
September. Sulfurous vapors emitted under pressure from 
the north wall ot the dome in the crater lake rose noisily in 
an almost continuous column about 200 m high. The lake 
color was turquoise green. Temperatures registered 40° C 
in the north part of the lake, 45° C In the south part near 
the dome, and 70-90° C in accessible fumarolea on the 
dome. 

On September 11 at 0950 an explosion from the south- 
ern part of the lake (near the dome) produced a 250-m- 
htgh column of lakewater laden with ash, sand, and small 
blocks rich In mineralized sulfur. The ejecta fell back into 
the lake and onto the eastern shore, where they covered 
an area of 50 m 2 . A landslide that originated from the 
northwest pari of the dome, the area of the greatest fuma- 
role activity, deposited debris In the lake and changed the 
morphology of the eastern sector of the crater. 

The Initial activity was followed by similar explosions 
throughout September and October. Scientists at the Insti- 
tute had predicted resumption of phreatic activity from the 
thermal behavior of the lake, which had been similar to the 
pattern observed before previous such eruptions. Tempera- 
tures declined slightly In October, to 40° C In Ihe northeast 
part of the lake from 45° C In September, and to 45° C In 
the southeast sector (near the September explosion site) 
from 50° C In September. Temperatures of the accessible 
fumaroles on the dome continued to oscillate between 70° 
and 90° C In September and October. 1 

information contaot: Jorge Barquero Hem&ndez, Editor. 
Boletln de Vulcanclogfa, Escuela de Glenciae Geogr&ffcas, 
Unlvereldad Nacional, Heredia, Costa Rfca. 

Kavachl Volcano, Salomon Islands, southeast Pacific 
(9.03° S, 1 67.93° E). AH times are local ( GMT + 11 ' 

h). Submarine activity at Kavachl has been observed • 
since early October. On November 11 al 1215 a Sol air 
flight diverged from its normal route to observe lha volcano. 
Drs. Hughes and Dunkley of the Geological Division, Minis- 
try of Natural Resources, report that a dense, nearly vertl-' 





144 EOS. vol. 62. no. 14. April 7. 1981 


r 




(News coni, from page 143) 


cal sleam joi billowed to approximately 300 m but dissipat- 
ed as Ihe plane approached. The eruption site was marked 
by while water, and a stream of muddy, turbid, pate-brown 
water extended several kilometers norlheasl from the vol- 
cano. On December 3, Dunkley observed sn area of discol- 
ored water several hundred meters wide extending north- 
west (down current) about 4 km. No eruption was in pro- 
gress. 

Kavachi'a last eruption In June-July 1978 produced a 
small; ephemeral Island, its eighth Island-forming eruption 
since' 1950. 

Information contact: Deni Tunl. Geological Division, Min- 
istry of Natural Resources, Honiara, Solomon Islands. 


Sakurazfma Volcano, Kyushu. Japan (31.58*N, 

130.65“E ). After an active month In January, when 18 ex- 
plosions from Sakurazima were recorded, only five explo- 
sions were detected In February (see table). The highest 
February ash cloud rose f.2 km on the 21 si. The February 
explosions caused no damage. 


Explosions at Sakurazima, February 1881 

Data 8 ~9~-\7~ 22 28~ 

Number ol explosions: 11111 


Information contact: Selsmologfcal Division, Japan Mete- 
orological Agency, 1-3-4 Otemachl, Chiyoda-ku. Tokyo 100, 
Japan. 


Tarumal Volcano, Hokkaido, Japan (42.68* N, 

141.39'E). In February. 1 121 seismic evonls were record- 
ed at Tarumal (sqo Figure 3), the most in any month since 
1907, when the Japan Meteorological Agency began rou- 
llno measurements at the volcano. Seismicity has Irregular- 
ly but gradually increased in the past 14 years (see Figure 
4). Tarumal last erupted December 1978-May 1979, but no 
eruption has occurred during the current Increase In seis- 
micity. 


1 1*1 • 
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Fig 3. Monthly numbers of days In which occurred: eruptions 
(top|; harmonic tremor ovents (center); and recorded earthquakes 
(bottom) at Tarumal, January 1978-February 1981 . 
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Fig. 4. Yearly means of monthty seismicity, 1987-1980. 

Information contact: Seismological Division, Japan Mete- 
orological Agency, t-3-4 Otemachl, Chiyoda-ku, Tokyo 100 
Japan. 


Earthquakes 

J4BLE *. Summary of Earthquake Occurrences 

Time. Depth 

Dale GMT Magnitude UiWude Longliuda of Focus 

Feb. l 1320 S4m # 30.45 N I.66E tQkm " 


Feb 14 0609 55 4B351N 122.238 ! E 7.3km 


Feb 14 1720 4 6 m 0 41.05 N 14.70 E 10km 

F«0- 17 1519 6.8 M t 21.60'S I69 35°E shallow 


^ 24 2054 67 M, Z9.2VN 23.02" E shallow 

V"* 83.1 9 : E shallow 

Mar 4 2158 65M, 3831 N ?3.43 S E shallow 


Region 

North- 
ern Al- 
geria 
12 km 
noilh ol 
Ml. St. 
Helens 
South- 
ern Ita- 
ly 

Loyalty 

islands 

region, 

South 

Padlic 

Greece 

Greece 

Greece 


evflnl caused Ihe collapse of several 

° n 0c ? ber 10 Wiled thousands and left 
P«ople c!t^ of heart attacks 
Wrttouaka, which occurred near the 
epicenter of the devastating November: 23 shock that killed 


several thousand persons. There were no reports of casu- 
alties or damage from Ihe Loyally Islands event. The Greek 
earthquakes killed 21 people and Injured 400, while caus- 
ing considerable damage In the Athens and Corinth areas. 
Numerous smaller shocks occurred between the three 
events listed above. 

Information contacts: National Earthquake Information 
Service, U.S. Geological Survey, Stop 967, Denver Federal 
Center, Box 25046, Denver. Colorado 80225. 

Steven Malone, Christina Boyko, Elliot Endo, and Craig 
Weaver, Graduate Program In Geophysics, University of 
Washington, Seattle, Washington 96195. 


Flrebafls 


Austria, January 28, 225819 GMT. The following Is a 
report from Zdendk Ceplecha. 


A fireball of -8 absolute magnitude was photo- 
graphed by three Czech stations of the European net- 
work. The fireball traveled a 41 -km luminous trajectory 
In 1.8 8. The following results are based on all avail- 
able photographs from rather distant stations (210 to 
290 km from the trajectory). 



Beginning 

Maximum Light 

Terminal 

Velocity, km/s 

28.4 

27.4 

6 

Height, km 

72.7 

59.9 

38.3 

Latitude 

47.234 J N 

47.3Q°N 

47.424°N 

Longitude 

15.147’E 

15.1 1*E 

15.044°E 

Magnitude 

-3.6 

-8.1 

-3.5 

Mass, kg 

0.9 

0.8 

none 

ZR 

33.3° 

— 

33.5° 

Fireball type:! 




Meteorite fall very improbable. 



Radiant, t95Q.Q 

Observed 

Geocentric 

Heliocentric 

Alpha 

138.8° 

138.5° 



Delta 

15.4° 

. 14.1° 



Lambda 

— 

— 

82.8° 

Bata 

— 



- 1.3° 

Inlllal Velocity, km/a 

28.7 

26.4 

37.1 

Orbit, 1950.0 




A 

2.08 AU 



E 

0.793 



O 

0.430 AU 



Aphelion 

3.7 AU 



Omega 

105.8’ 



Ascending node 

128.616’ 



Inclination 

1.8° 



MetBor Shower: A bright member of Pal Leonids not excluded. 


Information contact: Zdendk Ceplecha, Ondfejov Observ 
alory. 251 65 Ondfejov. Czechoslovakia. 


Labrador Sea, December 31, 1980, 0132 GMT. 

Observers: Capt. Schoune, F/O Van Themsche ol Sa- 
bena Flight 568 (Chicago-Brussels). 

Location: 55.62° N, 44.85° W, aircraft course 110° mag- 
netic, altitude 11.1 km. 

First sighting: 20° magnetic, 20° above the horizon. 

Last sighting: 0° magnetic, at the horizon. 

Duration: v 2 s. 

Brightness: As bright as the full moon. 

Color: white. 

Informalion contact: Same as for West Germany. 

Gulf of Thailand, January 11, 1228 GMT. 

Observers: Capt. De Montblanc, F/O Legraln, F/E Goos- 
sens ol Sabena flight 272 (Kuala Lumpur-Bangkok). 

Location: 8.2° N, 100.38° E, aircraft course 006° magnet- 
ic, altitude 10.5 km. 

Firs! sighting: 30° magnetic, 30° above the horizon. 

Last sighting: 90° magnetic, at the horizon. 

Duration: 5 s. 

Brightness: As bright as the full moon. 

The object had a round, while-blue head and a very long, 
straighl, brilliant yellow tail. r y 

Information contact: Same as for West Germany. 

tVesf Germany, January 30, 171 7 GMT. 

Observer: Capt. Luebbert of Lufthansa flight LH 948 
(Hamburg-SluUgart). 


Southern Europe, November 11 , 1980, 1736 
GMT. Maurlzio Ellrt provided the following additional ob- 
servations of this fireball from Italy, supplementing the re- 
port on pp. 1 2-1 3 of SEAN Bulletin, 5(1 1 ). 

Observer Location Tmfeu-.lnru n.. 


_ 0fa8 arver Location 
Bruno Penso Lkto, Italy 

(45.4* N, 12.4° E) 
Luigi BaldMI Bologna, Italy 

(44. S B N, 11.3° E) 


Trajectoty 
NNE to SSW 


Feiruclo 
CasieHl 
Luciano Test 


Pegll, Haty 
(44.38° N, 8.82° E) 
S. Marcello 
Plstoiese, Italy 
(44.05° N, 10.78° E) 
Ptalola, Italy (43.93 s 
N, 10.96° E) 


From RA 1 h 50 
min, ded. + 47*10 
RA 19 h 45 min, 
ded. + 3 ° 

8 SE to SW 


P. Fapperdue Viterbo, Italy (42.40° 
N, 12.10° E) 


NE sky to SW hori- 
zon, passed 3° east 
of zeta CygnuB 
From zenith to Sag- 
ittarius toward 
moon, near Vega In 
cygnus 

From 60 ° altitude 
NNE to SW horizon 


N e |2.3l' y E ) ' IJ23 “ ^ *Hy to W horizon 

to w horizon 3 s 

Nonopl the obsorvoro-hinotlKl anyjourtfs: H - "" 1 ~ * 


Location: 20 km south of Lelne (just north of Kassel) air 
craft course 190° magnetic, altitude 10 km. ' 

First sighting: 170* magnetic, 40° above ihe horizon 
Last sighting: 195* magnetic, 8° above the horizon. 
Duration: 2 s. 

Apparent brightness: As bright as the full moon. 

The circular white object moved very slowly. No disinte- 
gration was observed before It disappeared. 

Information contact: Gerhard Polnitzky, Unlversltaets- 
Stemwarte, Tuerkenschanzstrasse 17, A- 1 180 Wien, Aus- 
tria. 


Northern Italy, August 13, 1980 , 0200 GMT. 

Observers: Sllvano Ghedlnf, Luigi Baldfnelll, and Andrea 
Ferrl, 

Location: Bologna, Italy (44.5° N, 11.33° E). 

First sighting: right ascension 2 h 30 min, declination 
+ 60°. 

Last sighting: right ascension 18 h 00 min, declination 
+75°. 

Magnitude: -15. 

Color: green. 

Train: persistent. 

Information contact: Same as for southern Europe. 

Austria, January 29, 182530 GMT. The following Is a 
report from Zdendk Ceplecha. 


A very slow-moving fireball of - 9 maximum abso- 
lute magnitude was photographed by two Czech sta- 
tions ol the European network. The fireball traveled a 
54-km luminous trajectory In 5.1 s. The time of the fire- 
ball passage depends on three visual observations In 
Austria reported to us by Dr. G. Polnitzky. The follow- 
ing results are based on the two photographic records. 


Velocity, km/s 

Height, km 

Latitude 

Longitude 

Magnitude 

Mass, kg 

ZR 


Beginning 

Maximum Light 

Terminal 

11.58 

11.10 

6.86 

87.0 

48.1 

32.6 

48.333° N 

48.38° N 

48.41 76’ N 

14.446° E 

14.74° E 

14.9918° E 

-2.3 

-8.9 

-27 

20 

15 

1.0 

50.4° 

— 

50. 8 C 


Time, a 

Height, 

km 

Velocity, 

km/s 

Deceleration, 

km/s 2 

Dynamic Photometric 
Mass, kg Mass, kg 

0.0 

63.79 

11.536 

-0.067 

20.1 

20.4 

1.0 

56.47 

11.429 

-0.162 

18.9 

19.0 

2.0 

49.28 

11.168 

-0.392 

16.5 

15.7 

3.0 

42.38 

10.540 

-0.946 

13.5 

8.8 

4.0 

36.10 

9.021 

-2.29 

5.9 

4.7 

4.5 

33.45 

7.59 

-3.55 

1.9 

1.7 

4.684 

32.61 

6.88 

-4.18 

1.0 

(1.0) 


Assumed density ol the meteoroid: 2.2 g/cm 3 

Dynamic and photometric meases are In excellent agreement. A 

meteorite tall of about 1-kg mass la quite certain. 


Predicted Impact area: 48.4278* N ± 0.0040, 15.1320° E ± 0.0105 
(near Traunateln, Austria). 


Fireball type: II 

Predicted meteorite type: carbonaceous chondrite. 

The activities In Ihe search area will be organized by Gerhard 
Polnitzky, University Observatory, Vienna (see Information contact. 
Labrador Bay Fireball for address). 


Radiant, 1960.0 

Observed 

Geocentric 

Heliocentric 

Alpha 

5.9° 

346.7° 

— 

Delta 

20.8° 

0.3° 

— 

Lambda 

__ 


33.48’ 

Beta 

_ 


0.68° 

Initial Velocity, km/8 

11.61 

4.01 

32.90 


Orbit, 1950.0 
A 
E 
Q 

Aphelion 

Omega 

Ascending Node 
Inclination 


1.234 AU 
0.225 
0.9561 AU 
1.512 AU 
147.4° 
308.11° 

0 . 68 ° 


Information contact: Same as above. 


Information contact: Maurlzio Eltri, Sszlone Meteore, Un- 
ions A8troflli Italian!, Via Marcantonlo Bragadin No. 2, 
30128 Lido, Venezia, Italy. 


Duration 


Magnitude Color 
Ho Blue-White 


Size/Shape J ra ![ L— 

_ Did not per* 18 ' 


Diameter of the Persistent tar 
moon ISnjIo.P^ - 

ble (Inal 


— Orange : green 35-mln diameter, 
drbplike form 

- 10 to - 12 White-blue with — 

green-red halo’ 


-.10 to -11 Blue-green 


-17.5 Orange; fragmen- , Diameter of the ..Persistent for . 
latlon with some .moon (30 min) . 2-3 a : ; •, 

parts becoming 
while, mag -1 ■ 

: . \-13 : • L-". ■ 


.. Central part ' \ ' "' w A- .' Irregular oyer 

*':T\ •:! . white -H ^ -A ‘ • 20 °^ 0 °, 

.. A • f" .=; ■; ; • green cotor_ 


> ; ; A :M;Ar • ; : : 
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Western Czechoslovakia, January 30, 223230 
GMT. The following Is a report from Zdendk Ceplecha. 

A fireball of -8 maximum absolute magnitude was 
photographed by two Czech stations of the European 
network. The fireball traveled a 34-km luminous trajec- 
tory In 2.4 s. The following data resulted from the two 
photographic records. 


Geo mono 23: 



Beginning 

Maximum Light 

Terminal 

Velocity, km/s 

16.2 

14.9 

6.3 

Height, km 

69.3 

46.4 

37.2 

Latitude 

50.312° N 

50.24° N 

50.212° N 

Longitude 

16.328° N 

1 0.28° E 

16.258° E 

Magnitude 

-2.7 

-8.0 

-2.3 

Mass, kg 

2.1 

1.0 

None 

ZR 

20.8° 

— 

20.9° 

Fireball type: II 




Meteorite fall very Improbable. 



Radiant, 1950.0 

Observed 

Geocentric 

Heliocentric 

Alpha 

146.7° 

150.1° 

— 

Della 

67.9° 

70.8° 

— 

Lambda 

— 

— 

52.4° 

Beta 

— 

— 

16.3° 

Initial Velocity, km/a 16.28 

11.81 

33.75 

Orbit, 1950.0 




A 

1.341 AU 



E 

0.327 



O 

0.903 AU 



Aphelion 

1.78 AU 



Omega 

228.6° 



Ascending Node 

310.532’ 



Inclination 

16.6° 



Meteor Shower: Early member of Camelopardalids not quite excluded. 


The Tectonic and 
Geologic Evolution 
of Southeast Asian 
Seas and Islands 


#,T- 

n 

%y 


Presents 

current and controversial scientific 
findings concerning 
East Aslan Tectonics and Resources. 

Contains field experiment results of 
ocean exploration and Deep Sea 
Drilling Project Investigations. 


• 326 pages • maps, Ills. • $25.00 
• 20% member discount 
Orders under $50.00 must be prepaid 

American Geophysical Union 

2000 Florida Ave., N.W. paj 

Washington, D.C. 20009 \mmm\ 

can 800-424-2488 Toll Free 


Information contact: Same as for Austria. 



Initial) 

Gedtogy 

ana 

Biostrati grajSljy 

Edited by O.R. Helrtder. et al. 

Studies 

the peculiar structures of (he Indian Ocean, the 
most complex of the three major oceans. 

Documents 

deep-sea ocean floor drilling investigations reveal- 
ing rifting and separation of continents, generation 
and destruction of ocean basins. Interaction of 
changing ocean currents and climate, and the evo- 
lution of flora and fauna. 

Supplemental full color geological map 
of (he Indian Ocean $ JO. DO. 

• 616 pages • Illustrated •$19.00 
• 20% member discount 

ordi.Ti under $5(100 mu si b« prepaid 

American Geophysical Union 

2IXX1 Florida Avo.. N.W. r -- v Iimhi 
W ashington. D.C. 20009 I Jgy 

Call 800-424-2488 Toll Free 


EOS otters clasaltled space tor Positions 
Available, Positions Wanted, and Services, 
Supplies. Courses, and Announcements. There 
are no discounts or commissions on classified 
ads Any type that Is not publisher's choice is 
charged for at display rates. EOS Is published 
weekly on Tuesday. Ads must be received In 
writing on Monday 1 week pnor to the date of the 
Issue required. 

Replies to ads with box numbers should be 

addressed to: Box American Geophysical 

Union, 2000 Florida Avenue. N.W., Washington, 
DC. 20009. 


POSITIONS WANTED 
Rates per line 

1-5 tlme9-$1 .00, 6-1 1 tlma8-$0.75. 
12-28 tlme8-$0.55 

POSITIONS AVAILABLE 
Rates per line 

1-5 llme8-$2.00, 6-1 1 times-SI.BO, 
12-20 tlmes-$1.40 

SERVICES, SUPPLIES, COURSES, 
AND ANNOUNCEMENTS 
Raise per line 

1-5 l i m°8~$2.50, 6-11 0mea-*1 .95, 
12-28 tfrnea-$l. 75 

STUDENT OPPORTUNITIES 
2* 8 pedal rates, query Robin Little, 
800-424-2488. 


POSITIONS AVAILABLE 

Ttotoflophysles, Seek half-time visiting pro- 
M»or lor the academic year 19B1-82 to leach 
tJ"®* ln r8 0 fonal tectonics and seminar of own 
”^ 05 ’ r 'g, AppolnUnent Is lor hall-time lor entire ac- 
•oeme year or full time for either fall or spring se- 
"jester. Ph.D. requited. Rank and salary negotte- 
, f* 1 * 8 to: Paul C. Hess, Chairman, Depart- 
manlolOeotogtca! Sciences, Brown University. 
^vv wsnoe. Ri 02912. Deadline for appllcatlonB la 

P | ^er 0<,UBl opportunl,y and affirmative acUon am- 


ra^^! ,, Po *Rlon/Planetery Physloe. A 

•tnriu i , aS8oc,0le position Is available tor (he 
°¥ Qi Planet Intariara under Jupiter Date 
onJlr * Pf0 9 f am. Areas pf Interest Include hlgh- 
“UMffiona Of state and calculation of 
linn 0 rolaUn 9 Planets to high accuracy. Poal- 
^ open until tilled. Please send resume and 
three reterences to: 

W B. Hubbard 

^artment of Planetary SclenceaA.PL 
fS 8pace Sciences Bldg. 

University of Arizona 
Tucson, AZ857J , t 

*■■" K,u “ , opp ° rtun ‘ ,y ' 

Hydrology/Water Re- 

leach wv, , ' TenurB fr ack appointment Involving 
aourcte ’if 888 ”* In hydrology and water re- 
opportunities tor Interdlsctpllnary 
tfals ®0otogl8t8, meteorologists, geota- 

Please call or send resume, 
M. Hon^i na, T e8 ° r three references to George 
•nce*!ru2T:, ^Partnient of Envlronmenlel Sol- 

^TvigSE 229^*^ V ‘ TaWB ’ Ch8rtt,U ? S ' 

Se ^PPttoahona April 15, 1981. 

Equal Opportune 


Btruotural Qeologyrtlniverahy of Illinois at 
Champaign- Jrbana. The Geology Depanment 
Is seeking a structural geologist lor a tenure-track 
(assistant prolessor) faculty position A Ph D. is re- 
quired. Salary open. The successful candidate will 
be expected to teach advanced undergraduate and 
graduate courses m structural geology Bnd estab- 
lish a research program For equal consideration, 
applications, Including the names ol three refer- 
ences, should be sent by August 1. 1901 lo Dr. D 
E. Anderson. Department of Geology, University of 
Illinois, 245 Natural History Building. 1301 West 
Green Street. Urbana, IL, 61601. 1217) 333-6713. 
Position to be filled by 1-1-62. 

The University ol Illinois is an affirmative action' 
equal opportunity employer 

Research Scientist II. The Solar-Terrestrial 
Theory Group al the University ol New Hampshire 
seeks applications lor a research sciential II to un- 
dertake a variety ol theoretical problems on plasma 
processes In the solat atmosphere and the solar 
wind, and related energetic particle phenomena. 
Applicant should possess a Ph.D. with training In 
theoretical space plasma physics or a related lleid. 
e.g. theoretical plasma lualon research. Resume 
and three letters of reference should be sent before 
June 15, 1981, lo: Dr. L. A. Fisk, Department of 
Physics, University of New Hampshire, Durham. 

NH 03324. 

The university is an affirmative acUon'equBl op- 
portunity employer. 

Proteasor/Chemloal Oceanography. The 
Department ol Oceanography ol Texas ASM Uni- 
versity Invites applications (or an academic faculty 
position. The appointment Is expected to be made 
at the level of professor. . 

Hence, applications are solicited from indMouals 
who have demonstrated scholarship In research 
and teaching. Outetandlng applicants suitable for 
appointment to academic ranks other than profes- 
sor will elso be considered, but preference will » 
given to applicants suitable for appointment to the 
higher ranks. 

To apply, or for further information, please con- 
tact Professor R. O. Reid. Head. Department ol 
Oceanography, College Station, TX 77843 (713/ 
845-7211). 

Texas A&M University la an affirmative actlorV 
equal opportunity employer. 

Opportunities for Graduate •* ud 1 l *“ ll l " JJ* 
Atmospheric BolsnccsIOeorgla 
of Technology, 8evaral openings areavanaWe 
for individuals Interested In graduate studies In the 
atmospheric sciences at Georgia Tech. For suc- 
cessful applicants, these positions InMalAtlm 
research aeststentshlpe ranging torn! $7,500 to 
$9,000/12 months, depending on a students quatl- 

,k The n Atmosph8rte Sclencss Program at Georgia 
Tech Is part of the School of Geophysical Sdencea 
end is uniquely atrirclured ««temloaiy in ffial ma- 
lor emphasis Is given to three areas ol , 

sciences, namely, Wnamjcall J^^gy- Wjj 
Meteorology, and Atmospheric Chemistry. Major re 
search eSorts In which 

voived Include aiiidtee In wind arxl aolar pwor. « 

SSS— SSS 

ZSmSSPfffSg - - 

■ mStSSSSSiSi ’mdeiw ol ih»Mo- 
involve °- 


GsoohemlstiEnvIvonmental Chemist) Sen- 
ior Research Scientist. An immodinto open- 
ing exists In the chemistry section ol the Environ- 
mental Health Institute (EHlj with a stall ol about 
65 scientists end technical specialists. an<1 labora- 
tories equipped with the stale-ol-arl equipment A 
Ph D degree is requited wilh a minimum ol two 
years experience The successful candidate must 
be capable ol carrying out independent research 
The EHl has in existence strong research programs 
In long-range pollutant transport and transforma- 
tions. stratospheric- troposphone exchange and 
multidisciplinary lake studies Salary commensurate 
with qualifications, excellent tringa benefits and 
beautiful surroundings. Send resume to Environ- 
mental Hoailti institute Di.iS">n ol Laboratories and 
Research. New York State Department of Health. 
Albany. NY 12201 

The NYS Department of Health is an equal op- 
portunity affirmative action employer. 

Planetary deolofllst. Tenure track assistant 
to associate prolessor position starting September 
1. 1981, or as soon as possible thereafter lo teach 
and conduct research In planetary geologic pro- 
cesses on Earth and other planets. Research 
Bhould be on understanding the physical processes 
(for example. Impact cratering, volcanlsm, tecto- 
nism) responsible for lha origin ot planetary sur- 
faces. Applicants must have Ph.D. In planetology, 
geophysics or geology. Deadline (or applications is 
June 15. 1981. Inquiries to: Paul C. Hess. Chair- 
man, Department ol Geological Sciences, Brown 
University, Providence, RI 02912. 

An equal opportunity and affirmative acUon em- 
ployer. 

Postdoatoral/Researoh Associate Posi- 
tional Tha John* Hopkins Uni varsity, Ap- 
plied Physios Laboratory. Positions are avail- 
able for studies of magnetospherfe-ionospherfe cou- 
pling, hydromagrwtic waves, and plasma 
Inslabffiilas In the ionosphere and magnetosphere. 
The selected candidates wffl participate in the anal- 
ysis and Interprelatiofl ol data from spacecraft and 
ground-based rada/s as well as In the development 
and Implementation ol new ground-based and 
spacecraft studies. Positions ere for one year and 
are renewable. Tenure may begin at any time 
through September 1, 1981. Applications should be 
addressed lo Mr. Steven F. Sayre, Dapl ADI- 16, 

The Johns Hopkins University. Applied Phyaica 
Laboratory, Johns Hopklna Road, Laurel, MO 
20820. 

An equal opportunity employer. m/I. 

exploration Oaophyelolat/tlnlvorslty of 
Oklahoma. The School of Geology and Geophys- 
ics at the University of Oklahoma will hire an expe- 
rienced exploration geophysicist to fRI Ihe Frank 
and Betty Schultz Professorship, and b seeking 
nomlnattona end applications tor ihe position. The 
person must be a distinguished scientist who has 
made Important contributions to exploration geo- 
physics through research. Preference wil be given 
to a scientist whose specially 18 seismic properties 
ol earth materials end win has earned the Ph.D. 

The schullz Professor wit provide leadership and 
outdance In establishing a quality teaching and re- 
search exploration geophysics group. The Universi- 
ty ol Oklahoma has recently made a strong com- 
mkmerit lo thB earth sciences with lha establish- 
ment of a College ol 'Geosciences, to be housed in 
a new building. The School ol Geotogy and Geo-' 
phyalga will expand from its present raculty ol 16 to 
26 reality members by 1986. This wtlf include three 
sdentists In the exploration geophysics area, five In 
rtructore-tectonophyslcs-sotid earth geophysics and 
others In etratigraphy-paleontofogy, gBochemletry- 

petrology. and energy resources. 

Applications are' due April 30. 1 98 1 . Inquiries, 
nominations, and applications should be 6enl to 
John Wickham, Director. School ol Geotogy end 
Geophysics, University of Oklahoma, Norman, OK 
,73019. ' 

The University ol Oklahoma to an equal opporiu- 


SelsmoloflUti University ol Utah. The Uni- 
vorslty ol Ulah is o>pan(Jm>j .is geophysics program 
in the Dopnrtmonr ol Goology and Geophysics by 
adding a tenure track locuity membO' in seismology 
at iho assistant to associate protossor level Appli- 
cants with backgrounds and specialities in seismic 
imaging and theoretical seismology will' be giv- 
en preference ihe individual will be e>pacled to 
leach undergraduate and graduate courses, and lo 
pursue an active research program with graduate 
students 

The department has modem leeching and re- 
search programs In geology and geophysics, and 
has close associations with tha numerical analysis 
and data processing groups in compulev science 
electrical engineering, and mathematics Tho geo- 
physics component at ihe department has strong 
research and teaching programs in electrical and 
electromagnetic methods, ihermal properties ot the 
earth, potential fields, and seismology Current re- 
search in seismology Includes: earthquake re- 
search utilizing a new POP 1 1 <70 computer: moni- 
toring ot the Inlermounta'n seismic bell by a 55 sta- 
tion telemetered network utilizing a new on-line 
PDP 1 134 computer; major experiments in seismic 
refraction and reflection profiling for cmalal struc- 
ture, and allied research In tectonophyslcs ol 
mountain building. 

Tha closing dale for applications is May 1, 1981 
and tha appointment dale fs September 1981 . 
However, tha search may be extended if a suitable 
candidate (a not selected, in which case applicants 
for a one-year visiting position lor the academic 
year 1981-62 will also be considered. 

A Ph.D. Is required for this position. 

Applicants should submit a vita, transcripts, a let- 
ter describing his/her research and leaching goals, 
and names of live persons lor reference. Qualified 
persona should sand their applications to William P. 
Nash, Chairman, Department ol Geotogy and Geo- 
phyaica, Unhraretty o! Utah. Sail Lake City, Utah 
84112. 

University ol Ulah to an equal oppoitunlty/atflrma- 
tive action employer. 


Meteorology Studies Program Coordina- 
tor. The University of North Dakota antidpales of- 
fering en undergraduate degree in MeteoratogicaJ 
Studies beginning tha faH semester 1981. This pro- 
gram will be very applications oriented, and wM in- 
dude coursaa in dynamics, aynoptica, radar meteo- 
rology. cloud physics meteorology, and forecasting 
among others. This co-sponsored program requires 
40 hours lor a major, plus twelve hours ol calculus 
and twelve hours ot physics, and will uiiIzb lo e 
great degree tha research stall and facilities in the 
co- sponsoring departments of aviation and geogra- 
phy. 

Tha coordinator's position wM tnctuda general 
overall administrative responsibility for the program 
on e day to day basts, teaching ol coursoa in syn- 
optics, dynamics, and red a/ meteorology aa weM be 
being lha primary student advisor for the program. 
Additionally, the poskfon offers an excellent oppor- 
tunity to be involved In research aasocfaiod with the 
department d aviation's multi-year, multi-million 
doKu research contracts. Facilities Include a Cita- 
tion II Jei cloud physics aircraft, a Cheyenne turbo- 
prop research airmail, a Btanik glider, a 5 cm digital 
weather radar, end a dedicated computer facility. 

The position to a 12 month non-tenured appoint- 
menl within Pie department of aviation beginning 1 
Jpfy 1981. The position requires a Ph.D. in meteo- 
rology and a strong background in leaching. A spe- 
cialization in radar meteorology Is preferred. Salary 
la commensurate wilh experience (425,000- 
$35,000). 

The Department has experienced phenomenal 
growth In ecaderatce and research these past 
yesrs, and encourages applicants to send their re- 
sumes by 1 June 1981 to: Dr. Patrick J. Brady, De- 
partment ol Aviation. Box 8210— University Station. 
Grand Forks, ND 5B202. The .University of North 
Dakota offers an attractive benefits package, retire- 
ment plan, and excellent working conditions... . 

' UND Is an equal opportunity employer. 
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Unlvtrail? of Hawaii. Tho Hawaii Instiiuio of 
Qaopiiysics and ihe Department of Geology and 
Qeaphysics of Iho University of Hawaii invito appli- 
cation for tenure track positions available July 1. 
1S8I . Applicants with apodal lisa in any of the fov 
towmg fields will bo given consideraiion: 

1 Marine geophysics with emphasis In marine 
gravity and tectonics 

2 Marine seismology 

3 Marine mognatics 

Applicants should havo n Ph D degree and a 
demonstrated abllrfy to conduct and promote ma- 
rine resoarrh Ability to teach al all levels Is re- 
quired. The position wiif be a joint ono on an 1 1- 
monlh basis between the Hawaii Institute of Geo- 
ptiyaicfl end the Department of Gedogy end 
Goophyales. The appotnimenls win be at the rank 
o! assistant professor. 

Apply wiih resume and names of three refer* 
onces io Charles E Helsiey, Director, Hawaii tasll- 
Meot Geophysics, University at Hawaii. Honolulu. 
Hawaii 96322. Closing date is May 16. 1081. 

The University of Hawaii is an affirmative action 
end equal opportunity employer. 


'Ground-water Geophysicist 


Woodward -Clyde Consultants, a geo- 
sciences and engineering consulting 
firm, has an immadioie opening in 
ns Orange. California office for e 
ground-water geophysicist. This posi- 
tion will be in association with a 
25 person interdisciplinary Water Ro- 
sources Section headquartered in San 
Francisco. 


Responsibilities 


Thu successful candidate mil partici- 
pate <n geophysical aspecii of hydro- 
geological studies, business develop 
m»nt. peer and project review, amt 
project rnanngenioni. 


Requirements 


A minimum of a MS plus 2-3 yean 
experience, -or- PhD. In both theo- 
retical and applied aspects of ground- 
water geophysics. Project manage- 
ment and business development ex- 
perience preferred. 

Send resume with references 
by April 30. 1{J81 to. 

Oavitf A Stephenson, Chief 
Water Resources Section 


Woodward-Ctyde 

Consultants 


Three Embarcerlero Center. Suite 700 
San Fiencuco. California 941 1 1 


■We are an Equal Opportunity Employer* 


South Dakota School ol Minoi a Toohnolo- 

gy. The Department of Geology a no Geological 
Engineering anticipates two tenure track positxms 
neconom-c geology beginning fa-’l 1981 fi> Cry 5 . 
mu cneirusUy mmerafogy petrology ol igneous and 
metamoyhc recks *>m emphasis on mineral de- 
posits (2) Geology ot strala-bound or tiydro-lher- 
mai ce posts Humber one is el the full prolessor 
at a9 * stap| « associate pro- 
J"***:* Please send resume and three fetters 
SLC iUrt* L,sanf>Ce - Department of Geol- 
SQ * ,th Dakola 
Hapia G,,v - so 

hn^SSSSt employer.** fln equaJ QfVorm 


A tenure track appoml- 

me« in the area of surveying and mapping under- 

ewnptiUCons. and introductory phial* 
Bwrm«Tf photo viteiprelaton. Involvement in 
graduate level courses, and m existing 
and new research programs ^ 

P?n^?lf 0n *** ,u>on 10 “«l states w in a 
Z 5urv »Y in 9 reg-straton (or in the 
*« h dogree end registration). 

IS? 1 ? 5* ° pen and 00 •» «pe- 

nance and quahCcaroits ot the appficanL 

6y 15 »«B». »o Head, 

of CwJ Engineering. Purdue University. 

West Lafayette. IN 47907 T 

J^Soti 0p *’ Of lurvt\ f aflirrnaLva action 


Struotural Qaolagfst, Tho Deperfmenl of 
Geophysical Scloncea Invites applicants for a ten- 
ure track structural geofogy position al Iha assistant 
or associate professor level, beginning August 
1931. Ph.D required. Salary commensurate with 
experience end qualifications. 

Departmental equipment Includes a digitizer, vari- 
ous geophysics equipment, and a remote sensing 
laboratory with an edgewise Bnhancer. The candi- 
date will have ihe opportunity to substantially add 
to hiB or her equipment needs. Present computer 
facilities Include a DEC 10 end IBM 360-44, while 
PK 3240 system wHh 16 megabyte capacity Is un- 
der development. 

ODU is a elate- supported university senring near- 
ly T5 -°°Q students and Is situated within Ihe seven- 
dty Hampton Roads metropolitan area that Is na- 
tionally known for Its historic, recreational, and cul- 
tural facilities. 

8end vitae, a brief discussion of reaesrch Inter- 
esi. and arrange to have three letters ol reference 
by May 1. 1981 to Dr. Dennis A. Derby, Chairman 
Department of Geophysical Sciences, Old Domin- 
ion University. Norfolk, VA 23508. 

An affirmative action/equal opportunity employer. 


Texaa Tech Unlverallyi Faculty Real- 
Kona. The Deportment of Geosciences is seeking 
applications lor additional faculty members In geol- 
ogy. geophysics and geochemistry; applicants from 
all news ol geology other than paleontology will be 
given serious consideration. 

Theea am tenure track positions at the assistant 
professor level wtlh appointments starling Septem- 
ber 1, 1981. 

Applicants must have compfafed their doctoral 
programs, be Interested In teaching al both ihe un- 
dergrerhiala and graduate levels, and have Bpectllc 
plana Tor research In their Raids of specialization 

Applicant for foe positions should submit re- 
swnea, tho names of at least throe persons from 
whom the deportment may request letters ol rec- 
ommendation. and brlof description of research in- 
terest to. 

Donald R. Haragan, Chairman 
Department ol Geosciences 
Texes Toch University 
P.O. Box 4109 
Lubbock, Texas 79409 

Texes Tech University la an equal opportunitwal- 
Unnalive action employer. 


Prole 1 sor'Oa sonography. The Department of 
Oceanography ol Texes ASM University invites ap- 
plicators lor an acadamlc faculty position. The ap- 
pointmoni is expected to be made at the revel of 
professor in one ol iho major sections ol foe Do- 
partmeni— biological oceanography, chemical 
oceanography, geological and geophysical ocean- 
ogiephy. or physical oceanography. 

Hence, applications are solicited from Individuals 
who have demonstrated scholarship in research 
vid teaching in any oceanographic Bubdlscfpline. 
Outstanding applicants suitable for appointmenl to 
academic ranks other than professor will also be 
considered, but preference will be given (0 appli- 
cants suitable for appointment (0 (he higher ranks 
.JW- “ to* forth"! information, please con- 

2S-72Mj aPhy ' 001,898 S,,l1l0,,, ™ 77843 <?13/ 

Texas ASM University is an aflrmative action' 
equal opportunity employer. 


SEES? 1 ° f MlnlnB BnB,n, * r - Qeological 
" ^^. Engineer Mth versatility andlapa- 
SSL* with geoscierulsts. ocSnogra- 
OCMn J Sflflfn “ re - Pormanent fuMme 
teaching, research position with tank and salaiv 

2*n watoS E™! 01 ' h ™‘ rer «™«K 


SSSSSSaa. 


SMsaSSa? 

The applicant should have a baeknrwirvi in 
lroc Aeniistry and petrology and ° P ®‘ 

to teach in some Sf Ml£S£^ P ' epflfed 


Wator Resources Monootaph Sor Im-S 

Groundwater Managsment: 
The Use of Numerical Models 

VAKl iHiN D Wk * u - — A l_i . 


- ITIvMvIO 


t ,7uw; 

I * polloles 

I and operation ol water resources deveto Pmenl 

I study wo$ designed lo iSSJ^ This 

^ needs buf does nol hc^a^ man aoement 

does 001 use certain avallLbte^e^of^^n^ T J^ na ^~ 
q^lhOMTwdate Which are both avalablTC ap^* " nd uso ^ 


DIRECTOR 


LAMONT-DOHERTY GEOLOGICAL 
OBSERVATORY of COLUMBIA UNIVERSITY 


Columbia University Invites applications and nominations for the 
Directorship of Lamont-Doherly Geological Observatory The dl 
rector must be capable of exerting strong Intellectual leadershlo 
In the tartn Sciences. Scholarly eminence and capabilities In 
administration, future planning, and fund raising are required. 


Responsibilities of the director are directed toward enabling L- 

Th° n ^' n S ^ l° n as 0 leadln 9 Institution In Its field. To 
Snn?fr,! h ni!i® tec *° rwil1 responsible for overall admlnlstra- 

P b ^'!S rt0 5f,' on90in 9 scientific research, formulation 
of new research directions, and fund raising. 


L-DGO s an Institute of Columbia University dedicated to aradu- 
an ?„ re “ arch ln •» Earth Sciences. Foundaj In 
Inri IVat 7 v h ? s on 9° ln 9 programs In marine geology 
mnhu m 8 ' !? s , molo9y ' geochemistry, physical oceantS 
^Imatology. atmospheric and space sciences, pe- 
&f al0om i ,one ] lcs - stratigraphy, structural geology, tec- 
and rnorin 0 biology. The Observatory Is located In 

hour from the maln campus of the 
Jl' Re *ea rc h programs are supported by government 

e^™nh d nnrt r of $15-000,000 annually and by 

DSSlnfn?r d J^i dU f y, i c b , 0ut 110 9raduafe students In the 

& fflSta y ^' CQl SClenCeS C ° ndUct th9ir ^search at 


be subm,f,ed by May 15 to: 

Search Committee 

ISS vlrltm ° bSBn,alory 01 Co,umbla UniVBrsltf 


employer UnlV9rSltV ' S SqUal °PP°rtunlty/affirmotlve 


action 


oJd2l5i“? h R,,ouro « Branch, NASA/ 

5S =gBB 

E3=^ 


Paiftontologiat. Seek half-time vlBliing prores- 
Bor for academic year 1981-82 to teach Ihboduc- 
iory course In paleontology and seminar ol own 
choosing. Appointment Is tor hall-time for entire ac- 
ademic year or full time for tail aemealer. Ph.D, re- 
quired. Rank and salary negotiable. Inquiries to; 
Paul C. Hess, Chairman, Department of Geological 
Sciences, Brown Univereliy. Providence, Rl 02912- 
Deadline tor applications is May 31, 19B1. 

An equal opportunity and affirmative action em- 
ployer. 


Assistant Professor, Hydrology/Water Be- 
souro ss. Tenure track appolnimeni invotvlng 
taaonina and manon-h in a M . 


more responsible . 


ancea 

and^^^n s f nsln 9 research 


talnw ' J ranure •rack appolnimeni invotvlng 
t nd fB8aa/ch ln hydrology and water re- 
Excoftent opportuniilea for InterdlBdpHnar 
2!^'l? n 1 w1th Otologists, meteorologists, geofc 
h Y^ roJo g[a l 8. Please call or send resume 
mpnnia, and names of three references to George 
«m~5 n 2 er P er ' D ®partment of Environmental Sd- 

3?viSS 'gm !*”*’ 01 VIr! " nl ’' Ctort °" M 

OMlng date for applications April 18, 1981. 

of Virginia to an Equal Opportunl- 
ly/AfBrmatKre Action Employer. 


" ft, U n2^« 7, "i “Itoukl be sent to- 
D ' PriC8, Asalsianl Chief 

Ewh Surrey AppUcalfonsOMsiXi 

JSSSBSft 0 ^ 


”»»Jm Air BwKjtF DlvWon braw at 
•foo *• Tesponsjbto «??? « ^■BBachuselta. The Dkri- 
V8)c *P m ent in maleorokv^ Ft * fCa re *terch and da- 
rofo Bnd dlreffl S^li tm “ phBri o Physics re 

SmS?* cal, ftr an * 


HydrogMleglst. Appiica lions Invited for a per- 
™oen! (acuity position. The position requires a 
Pn.D., teaching at graduate and undergraduate lev- 
els, supervision ol research, and research In area 
? ®P®clalty. Interaction with faculty In surface water 
hydrology, a table- isotope geochemistry, geophye- 
fo^and sedimentary geochemistry la expected. 

Candidates should send resume, statement of re- 
March Interest,. and addresses of three references 
to L. D. MoGInnls, Chairman, Department of Gecfo - 
gy. Northern Illinois University, DeKalb, ILB0116. 

An equal opportunlty/afflrmatlve action employw- 


Visiting Assistant Professor. One-year, 
tamporaiy position available August 1981 to leadi 
nxneraJogy, general geology, and perhaps optical 
mineralogy. The successful candidate Ml be re- 
quired to leach three courses during a two-semes- 
year; someone who enjoys teaching Is needed. 
Persona on leave are encouraged to apply- Dead- 
»w for applications la April 17. 1981. Please send 
■Mume lo David Krlnaley, Department of Geology, 
Arbona State University, Tempo, AZ 86281 . 

ASU la an equal opportunity employer. 


HIT) 881-2886 T^kr!"^ EMta • 

•• PPPOrtuntty ernployer. ‘ 

• i- ' J - 


■V-i 


• - Appucanta from ail speolaltfes wei-. 

^P^preferenoe. to .candidates who en(ia'nce .«' 
"“ogpr^rame'lq rnarlne end atmospheric chemM 
^®®™Ttonta!y geochemistry and! radtootiemlBtfy. 

iphalrrq^i/cfieriilcal Ooeanogrephy' .! 
2^ l 2 1 ^mmktee. Depprtmenl of,OceanQflf«Phy( 
^S^^^rUpiverelty.Tall^asses^ Ft.-... 

, 9^- Telepter^ 9^844-8700. 

■ ';! ■••'iV'iiia ' • '- c i 


Prlnoaton Unlverslty/Solentlffc Program- 
mara and Data AnalyaU. The Geophysical 
Fluid Dynamics Program of Princeton Univereliy 
seeks applicants for two full time scientific program- 
ming positions that may become available In July 
199f. These programmers will become part of a re- 
seardi group that Is making use of measurements 
of a variety ol chemicalB In the world oceans to 
team about oceanic circulation and mixing. One po- 
sition Involves data analysis and the other Involves 
developing computer simulations. 

Applicants should have a bachelor's or maBter'B 
degree In oceanography, physics, chemistry or en- 
gineering with a strong math background. Fortran 
programming and course work In oceanography are 
required. 

Salary Is $16,000 to $17,000 per year. 

Send a resume, course tranBcripl and names of 
3 references to Prof. Jorge L. Sarmlento, Director, 
Geophysical Fluid Dynamics Program. Princeton 
Urive ratty, Princeton, NJ 08644. 

Prlrvcstoo University Ib an equal opportunlty/af- 
firmalive action employer M/F. 

Faoulty Position In Oaoanography/Qaoto- 
gyi University of Northern Colorado. The 

Daparlmsnl of Earth Sciences invites applications 


for a full-time, tenure track faculty position In 
Meanography, starting September 1981. We are 
Making a pereon.wlth a broad background in 

! 0ne or mwa 01 thB ratel8d <urth 
science Melds such as marine geology and/or sad- 

^ reaponBibJllt y wl| l^8 teaching be- 
ginning and advanced courses In oceanography 
raureea in the related Meld, and general education 
courses. A modest amount of research is possible 
and le encouraged. Applteente should possess the 

nMh»» d w 0r8B °L bB b th8 ,lral 8te 9 aa of completion 
ol that degree. Starting rank and salary will depend 

on experience and other qualilicaUone ot foe candi- 
date selected. 

Applicants should submit a resume and at less) 
foree letters of recommendation to Dr. L. Glen 
Cobb. Chairman, Department of Earth Sciences, 
University of Northern Colorado, Greeley CO 


The deadline tor application is May 10. 


COURSES 

Course No. 401 1 Inversion Methods In Re- 
mote Sensing, Alexandria, VA. MAY IB- 

22, 1 981 . ThB course is intended lo provide a 


basic understanding ol the concepts and an over- 
view of appllcabons ol the Increasingly Important 
Held ol Inversion methods in remote sounding and 
Is structured to benellt those Involved in the theo- 
retical, experimental, dale analysis, and manage- 
ment aspects ol remote sensing experiments to 
monitor the atmospheric constituents and proper- 
ties Irom ground, airborne, or space ptallorme. The 
advantages, limitations, and lutuie prospects ol 
each technique will bB discussed. Instructors will be 
Dre. M. Chehlne, B. J. Conrelh. A. Doepak, B. M. 
Herman, W. L. Smith. D. H. Slaalln. and E. R. 
Wastwator. Registration lae Ib $460.00. 

A Certificate ol Course Completion will be award- 
ed to those who complete each course. For lurther 
information, contact; Nancy Reynolds or Sue 
Cratta, Course Coordinators. IFAORS. P.O. Box P. 
Hampton, Virginia 23666 (Tel: 804/827-581 1). 


STUDENT OPPORTUNITIES 

Meteorology and Phyeieal Oceanography 
Aesletantshlpa. Research assistantshlps lor grad- 
uate students in meteorology and physical ocoan- 
ography are available from The Florida Stale Uni- 
versity. Research topics may cover atmospheric 
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dynamics, physical meteorology, synoptic meteorol- 
ogy. climatology, numerical weather prediction, 
physical oceanography, chemical oceanography, 
ocean modelling, satellite oceanography and geo- 
physical fluid dynamics 

Appointments ere half-time and offer salaries up 
to $10,600 per year. Beginning graduate students 
may be offered salaries aa low as $7,200 Students 
with undergraduate degrees in physics, chemistry, 
mathematics, statistics, meteorology, oceanography 
and engineering are encouraged to apply. 

Additional Information may be obtained from Dr. 
James J. O'Brien, Mesoscate Air-Sea Interaction 
Group. Tire Florida State University. Tallahassee, 
Florida, 32306. 

SUPPLIES 

Rook Hammer with pick head end leather hol- 
ster for $16.00. This is $6.00 below list price. Write 
tor Ires catalog "Geologic Field Supplies and Pros- 
pecting Equipment". Western Heritage. 10 1 S 
Washington St.. Hinsdale, IL 80521. Telephone 
(312) 964-5228. 



AGU Front Range Branch ‘Hydrology Day 1 

The AGU Front Range Branch is sponsoring a HYDROLOGY DAY on Thursday, 
April 23. 1981 at Colorado State University In Fort Collins, Colorado. 

All sessions are in the Student Center. Rainfall r- . 


New Listings 


Session 1 Student Papers 8:15-10:15 

Duane HAMPTON (Ph.D.) Mechanisms of Coupled Heat and Water 
Transport In Unsaturated Porous Media, 

Jayantha T. B. OBEYSEKERA (Ph.D.) Physically Based Stochastic 
Models for Seasonal Streamflow 

Roy W. KOCH (Ph.D.) A Physically Based Derivation of the Distribu- 
tion of Excess Precipitation 

Francisco N. CORREIA (Ph.D.) A Rainfall-Runoff Model Using a 
Generalized Unit Hydrograph Theory and Modern Infiltration The- 
ory 

Session 2 Student Papers 8:15-10:15 

Thomas W. ANZ1A (senior) A Comprehensive Table of Standard De- 
vlales lor Confidence Limits on Extreme Events 

Victor NAZARETH (M.S.). Aquifer Properties from Single-Hole Aqul 
tar Tests 

Jim HYRE (M.S.), Experimental Investigation of Ponding Time and 
Soil Water Content Evolution 

Andres CARDENAS (M.S.), A Conceptual Model for Predicting 
Monthly Streamflows 

Session 3 Professional Papers 10:30—12:00 

Comparison between Overland Flow Model and Experimental Data, 
D. D. Adrian and C. J. Martel 

Livestock Grazing Management and Nonpoint Source Water Quality 
Assessment, Eric B. Janes 


Rainfall Simulation to Determine Grazing Management Effects on Up- 
land Hydrology. P. L. Gustafson. R P. Julamk-i and E U Janes 
LUNCHEON: Speaker, Dr. Jerls A. Danielson 
Session 4 Professional Papers 1:15-5:00 
Repeal Measure Analysis of Variance of Rainfall Simulation Pint Hy- 
drologic Response, S. D. Hudson. P. L. Gustafson and E. B Janes 
Work of Water and Power Resources Service in thv Application of 
Remote Sensing to Water Resources Investigations. Jim Verdin 
Multivariate Models of Residential Water Demand: A Case Studv n{ 
Denver, Colorado and Its Metropolitan Area" Clive Jones an.l 
John Morris 

A Dilemma: Too Much Water in a Denver Development. Jim John 
Prediction of Natural and Mail -Induced Bedload Transport In Steep 
Western Streams, Donald H Simpson and Donald O Doetinng 
Hydrologic and Hydraulic Analysis of the Middle Rio Grande. Robert 
Simons 

An Approach for the Detection ol Changes in Water Quality Van a 
bles, R. W Koch and T G Sanders 
Run and Range Properties ol Shifting Level Models. J T B Obey so - 
kera. J D Salas and D. C. Bops 

For registration and transportation information, contact H J Motel - 
Seytoux. A305 Engineering Research Center. Colorado Slate Uni- 
versity. Port Collins. Colorado .’SiJ.'jJ.-' Phone i«.iir i'«i .-.VI' » 
Transportation is being arranged from Denver. Boulder Golden, and 
Laramie. 


June 22-26 International Symposium on Erosion and 
Sediment Transport Measurement, Florence, Italy. Spon- 
sors, IAHS, International Commission on Continental 
Erosion, National Research Council ol Italy. (P. Tacconl, 
Secretary ol the Organizing Committee. Istitulo di Ingeg- 
neria Civile Via S. Marta. 3 50139 Firenze, Italy.) 

June 29-July 2 22nd United Stales Symposium on Rock 
Mechanics, Cambridge, Mass. Sponsor. Massachusetts 
Institute of Technology. (Barbara Dullea. Coordinator. 
Center lor Advanced Engineering Study Seminars, MIT. 
Cambridge. MA 02139.) 

Nov. 9-20 Second Symposium on Geodesy in Africa. 
Nairobi, Kenya. Sponsors, I AG. IUGG Local Comrmiiee 
ol Kenya, IUGG Committee on Advice to Developing 
Countries, African Association of Cartography {R 
Omandi. Survey ol Kenya. P.O. Box 30046, Nairobi. 
Kenya.) 


Apr. 11-16 Penrose Conference on Antarctica. Shenan- 
doah National Park, Va. Sponsor, GSA. (Ian W. D. Dal- 
zell, Lamont-Doherty Geological Observatory. Columbia 
University, Palisades. NY 10964.) 

Aug. 22-28 Third Circum- Pacific Energy and Mineral Re- 
sources Conference, Honolulu, Hawaii. Sponsor, IUGS 
(AAPG Convention Department, P.O. Box 979, Tulsa. 
OK 74101.) 


Information on tho IAQA Edinburgh Assembly 


r “ UT,h CanBral Scientific AuiBbly of IMA will b« ha Id In Edinburgh, 
tha lo i c ' ' ,re ™ 5 lo August 1981, In rnaponae to the Invitation Iron 
•□d j. 1 "* 1 “ el,t r of London through In National Subtotal tree for Gaooagnatlan 
l'ntv«r r ? n0B|, i H.R.H. Tha Prlnca Philip, Dule of Edinburgh, Chaneitlor of tha 
Ailtably HtnburBh ' haa irncloualy ronsantad to act na Patron or the 

bland*** F,tl1 Clrcular MS a«nc our In February 1980 ro all IAGA Neva recl- 
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1981 AGU Spring Meeting 


Baltimore, the site of the AGU Spring Meeting, May 25-29 
is enjoying a major urban renaissance. Nowhere Is this more 
apparent lhan in Metro Center, the 1000-acre downtown core 
of Baltimore. Tho convention center, an ultramodern meeting 
facility, is only a short walk from Harbor Placo. Harbor Placo 
is a skylighted, terraced conglomeration of more lhan 20 wa- 
torsrdo restaurants and over 1 00 boutiques. 

Hotel Accommodation. A block of rooms Is being 
heW at three nearby hotels; the Baltimore Hlllon. the Lord 
Baltimore, and the Holiday Inn-Downtown. The Lord Balti- 
more and the Hilton are connected by a covered walkway. 

housing applicalion and MAIL THE COMPLETED 
APPLICATION FORM TO THE HOUSING BUREAU early to 
insure confirmation of preferred hotel. 

Registration. Everyone who attends the meeting must 
register. Prerogistrallon (received by May 8) saves you lime 
and money, and the fee will be refunded if AGU receives wrtt- 
mn nolico of Inability to attend by May 1 5. Registration rates 
Ofo as follows: 


Preregislratlon 

Member $45 

Student Member $25 

Nonmember $05 


At Meeting 
(after 5/8) 

$60 

$40 

$85 


Registration for 1 day only is availabre at one half the 
above rotes. Members of the American Meteorological So- 
ciely. the American Society of Photogrammelry, and the 


American Congress on Surveying and Mapping may register 
for the meeting at the AGU member rales. 

Students who are not AGU members should send In an 
application form with their registration payment. The dif- 
ference between member (or student member) registration 
and nonmember registration may be applied to AGU dues if a 
completed membership applicalion is received at AGU by 
August 3, 1 861 . Current AGU annual membership rates are: 
$20 members; $7 student members. 

To preregister, fill out the registration form, and return it 
with your payment to the AGU Office. When payment Is 
made by an organization, please attach the form wherever 
possible; or be certain that your name and other pertinent 
information is on the check. Your receipt will be In- 
cluded with your preregislratlon material at the meeting. 
Preregistrants should pick up their registration material at the 
preregistrallon desk at the Convention Center. (On Sunday, 
from 5-8 P.M. In the lobby of the Hilton hotel). 

The program and meeting abstracts will appear In the April 
28 Issue of Eos, which is mailed to all members in advance of 
the meeting. 

Complimentary badges for guests not attending the scien- 
tific sessions will be available at the registration desk. 

Social Events 

An array of evening activities includes the Ice Breaker on 
Monday; the awards presentation honoring fellow scientists 
at a ceremony open to all participants, followed by a recep- 
tion, on Tuesday; and an evening of fun and exploration on 
Thursday at the Maryland Science Center. 


Business Luncheons 


There will be eight section luncheons; Geode™ r 
netismand Paleomagneiism, Hydroloqv Ocear Sr? 
Planetology, Seismology, Solar- Planetary RelaSP 
Volcanology, Geochemistry and Petrology ' 


Wednesday, 

May 27, 1981 

Geodesy 

Place 

Chiapparelli’s Restaurant 
237 South High Street 

Hydrology 

Place 

Caesar's Den 
223 South High Street 

Oceanography 

Program: 

“The Impact of Satellites on 
Future Oceanographic 
Research” 

W. Stanley Wilson, NASA 

Place 

Velleggla's Restaurant 
Corner of Pratt & Albemarle 
Street 



iWO 


AGU Spring Meeting 
May 25-29 


HOTEL ACCOMMODATIONS 


PARTICIPATING 

HOTELS 

Baltimore Hilton Hotel 
101 W FayettoSt. 
Baltimore, MO 2 1201 
(301)752-1100 

HOTEL 

CODE 

BHDT 

ROOAf RATES 

Single. $43.00 
Double: $58.00 
Twin: $ 58.00 

Holiday Inn-Down (own 
301 W. Lombard Si 
Baltimore, MD2120I 
(3011665-3500 

HIDT 

Single: 535.00 
Double. $36.00 
Twin: $44.00 

Lord Baltimore Hotel 
Baltimore 8 Hanover 
Streets 

Baltimore, MD 21201 
(301)539-6400 

LBDT 

Single: $33.00 
Double: $39.00 
Twin: $39.00 

EXTRA PERSON 

PARKING 



HIRonS 15.00 
Lord BalUmorsr'SS-QO 
Holiday lnn/S7.00 


Hlltoif nominal charge 
Lord Battlinore/nominal charge 
Holiday Inn,' free 


SUfTES 

HIHon • Partor plus one bedroom suite/* 1 25.00-Si 90 DO 
• Partor plus two bedroom 80110**8250.00 


Be sure to enter the appropriate code tellers on the 
attached form. Keep this sheet for your records 
and forward ihe housing application form to the' 
housing bureau at ihe address indicated. 


All hotel reservations must be made on ihe hous- 
ing form by April 24. 1981 . No telephone requesls 
will bo accepted. Confirmalfonswill be mailed di- 
roclly to registrant by the individual hotels. Afler 
confirmation fins been received, changes and 
cancellations should bo made with tho hotel di- 
rectly. 


Any question regarding your hotel accom- 
modations should bo made in writing to; 

Housing Coordinator 
AGU Spring Meeting 
Baltimore Housing Bureau 
1 West Praii St. 

Baltimore, tyD 21 201 


PLEASE COPY THIS INFORMATION FOR 
YOUR RECORDS 


1 American Geophysical Union 

Spring 1981 Meeting 


May 25-29, 1981 
Baltimore, Maryland 


HOUSING APPLICATION FORM 


Mall this form to: 
Housing Bureau 
1 West Pratt St. 
Baltimore, MD. 2120 


READ CAREFULLY: 

hotel We' Ind'l vuT ual' n am b fnLt" ‘ 7 * tf^or^^han 1 *^ ^ ' n ° nece ? 8ar r- c ° n «"natlon will be sent by# 

ii more than one room Is required, this form may be photocopied. 


PARTI 


REQUESTOR 



NAME OF COMPANY OR FIRM 
□ 


SThttr ADDRESS OH P.0, BOX NUMBER 


n 


CITY 


m erm [ 


COUNTRY 


STATE 


ZIP-U.S.A. 


cm rm i 

AREA CODE 1 1 


PHONE NUMBER 


PART II 

the a pprop rfat ^cod ^ 8 1,81 part,ci P at,n fl facilities, th 


FIRST CHOICE 


HOTEL CODE 


SECOND CHOICE 


HOTEL CODE 


THIRD CHOICE 


NOTE- H ° TEL °° DE 

con ® va |! able » another f acl b ty * w 1 1 fi he L ? il m 0 ?? Serve ” order and If none of yo 

1 AQU housing registration deadline Is AprM 24 J 981 


INSTRUCTIONS* 1 Sfllon t PART 111 

3 ™ NT departure dates. 



DIWIN|Bo M M,Mwoh.a, hMWBnl) 

° P+ 1 (R “ ,lor P'ub ofiMMdroom tulit) 

o extra person 


Aniwi Dais 


fapuiura Dais 
Antal Tima 



Qumi Names (Print Last Nama First) 

1 ._ • 


2. 

. 1 

1 3 b !- • " , 


I 



IMPORTANT NOTE: Hotel Uav 

i Will to on y r '2r U oon a fl?mSto?m mB °' her ,t,rmo ' 



rmatlon'form^ 10 °£ er 9! oyaranteed arrl.vafr If so, lostrup*^ 8 - 












I- -J 
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Planetology 

Place Trattoria Petrucci 12-30 

300 South High Street 

Thursday, May 28, 1 981 

Seismology 


Program: 

A Scientific Talk: "Reference 
Earth Model and Beyond” 

Adam M. Dzlewonski, 
Harvard University, and Don 
L. Anderson, California 
Institute of Technology 

Sponsor 

Kinemetrlcs, Inc. 

Teledyne Industries Inc. 

W.F. Sprengnether 
Instrument Co., Inc. 

Place 

Antonio's Restaurant noon 

925 Eastern Avenue 

Solar-Planetary Relationships 

Program 

Role of AGU In Politicizing 
Public Policy for Science 
(tentative) 

Ned A. Ostenso, 

Chairman, AGU Public Affairs 
Committee 

Sponsor 

Martin Marietta Aerospace, 
Denver Division 

Place 

Velleggla’s Restaurant 1 1 :45 

Corner of Pratt & Albemarle 
Street 


Geomagnetism and Paleomagnetlsm 

Place DeNittls Restaurant 12:45 

906 Trinity Street 

Volcanology, Geochemistry, and Petrology 

Place Sabatino's Restaurant noon 

901 Fawn Street 


PROGRAM SUMMARY 

Union 


vsnaDiiiiy (Monday PM) 

Voyager I Saturn Results (Wednesday AM) 
History of Space Research (Wednesday PM) 
Ground-Water Quality (Thursday PM) 
lo (Thursday PM) 


Special Sessions 

Decade NA Geology (GSA) (Monday PM) 
Overview of NSF Programs (Tuesday PM) 

Geodesy 

Seasat-Geodesy (Wednesday AM) 

Geodesy I (Thursday AM) 

Geodesy II (Thursday PM) 

Geodesy III (Friday AM) 

Geomagnetism and Paleomagnetlsm 

Tertiary Paleomagnetlsm (Monday AM) 
Paleomag/Megalectonlcs (Monday PM) 

Em Induction I (Tuesday AM) 

EM Induction II (Tuesday PM) 

Magsat-I (Wednesday AM) 

Magsat II (Wednesday PM) 
Paleozoic/Precambrlan (Wednesday PM) 
Geomagnetic Fluctuations (Thursday AM) 
Magnetization Processes I (Thursday AM) 
Magnetization Processes II (Thursday PM) 

Hydrology 

Efficacy in Modeling (Monday AM) 

Acid Rain (Monday PM) 

General Surface Water (Monday PM) 

Urban Runoff I (Tuesday AM) 

Desertification (Tuesday AM) 

Urban Runoff II (Tuesday PM) 

Water and Synthetic Fuels (Tuesday PM) 

John Ferris Symposium I (Wednesday AM) 

John Ferris Symposium II (Wednesday PM) 
Drinking Water and Health (Wednesday PM) 
Organics in Ground Water (Thursday AM) 
Geochem and Water Quality (Thursday PM) 
General Groundwater (Friday AM) 


Meteorology 

SEASAT-Meteorology (Monday AM) 
Atmospheric Chemistry I (Tuesday AM) 
General Meteorology (Wednesday PM) 


Check the appropriate spaces on the registration form and 
Indicate number of reservations. Details of these activities 
will be published April 28th In the abstract issue of EOS. 
Fallow the Saif Into Baltimore update. 


Oceanography 

Seasat Oceanography I (Monday PM) 
Seasat Oceanography II (Tuesday AM) 
Paleo-Oceanography (Tuesday AM) 
Seasat Oceanography III (Tuesday PM) 
Chemical Traces (Tuesday PM) 

Shelf Circulation (Wednesday AM) 
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Marine Sediments (Wednesday AM) ;i 

Deep Ocean Currents (Wednesday PM) 

Marine Geology (Wednesday PM) ii 

Small Scafe Physics (Thursday AM) 

Hydrothermal Processes i (Thursday AM) ■ 

Hydrothermal Processes H (Thursday PM) 

Physical Processes -Models (Thursday PM) j 

Physical Processes (Friday AM) ! 

Planetology j 

Voyager Results (Wednesday PM) s 

Planelary Surfaces (Thursday AM) 

Icy Bodies (Thursday PM) 

Venus Atmosphere I (Friday AM) j 

Venus Atmosphere II (Friday PM) ' i 

Seismology \ 

Prediction and Strong Motfon (Monday AM) i 

Seismicity and Tectonics (Monday PM) 

Crustal Structure (Monday PM) <; 

Reflection and Refraction (Tuesday AM) !| 

Source Processes (Tuesday AM) 

Seismic Source (Tuesday PM) 

Earth Structure I (Wednesday AM) 

Earth Structure II (Wednesday PM) j 

Networks and Locations (Thursday AM) j 

Normal Modes (Thursday PM) 

Solar-Planetary Relationships: Aeronomy 

Spectroscopy in Geophysics (Monday AM) 

Spectroscopy in Geophysics (Monday PM) 

Thermosphere (Tuesday AM) 

Atmospheric Chemistry II (Tuesday PM) 

Atmospheric Chemistry III (Wednesday AM) 

Atmospheric Chemistry IV (Wednesday PM) 

Chatanlka Radar I (Thursday AM) 

Chatanika Radar II (Thursday PM) 

Ionospheric Irregularities (Friday AM) 

Solar-Planetary Relationships: Cosmic Rays 

Cosmic Rays (Monday AM) 

Pioneer 10 25 Au Crossing (Tuesday PM) 

Flare Composition (Wednesday AM) 

Shock Acceleration (Thursday AM) 

Solar-Planetary Relationships: 

Magnetospherlc Physics 

Plasma Instabilities I (Monday AM) 

Plasma Instabilities II (Monday PM) 

Birkeland Currents (Monday PM) 

Geomagnetic Pulsations (Tuesday AM) 

Auroral Phenomena (Tuesday PM) 

Theory/S imulatlon'Expt (Tuesday PM) 

Auroral Potential (Wednesday AM) 

Bow Shock (Wednesday PM) 

Charged Particles (Thursday AM) 

VLF Effects (Thursday AM) 

Magnetospherlc Potpourri (Thursday PM) 


AMERICAN GEOPHYSICAL UNION 
1981 SPRING MEETING 

Baltimore Convention Center 
Baltimore, Maryland 
May 25-29 

Registration Form 
PLEASE PRINT CLEARLY 
Badge Identification 

name on badge 


affiliation 


Name 


Mailing Address 


Telephone # 

abovQ SS dUrIna ths me0 tlng If different than 
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received by May 8 deadline) 


Member 
Student Member 
Nonmember 
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SPECIAL EVENTS 
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Subslorm EHecis (Thursday PM) 
Magnelospause Effecls (Friday AM) 
Saturnalia (Friday AM) 

SPR Data from Hfsiory (Friday PM) 
Saturn and Jupiter (Friday PM) 


Thin Skin Tectonics I (Wednesday AM) 
Fracture and Faulting (Wednesday PM) 

Thin Skin Tectonics II (Wednesday PM) 
Subducllon and Convergence (Thursday AM) 
Ridges and Rilling (Friday AM) 


MEETING ANNOUNCEMENT 
LUNAR AND PLANETARY INSTITUTE TOPICAL CONFFBfhr* 

PROCESSES OF PLANETARY RIFTING 


Solar-Planetary Relationships: Solar and 
Inter-Planetary Physics 

Solar Atmosphere (Monday PM) 

Solar Wind (Tuosday AM) 

Solar Wind Turbulence (Thursday PM) 

Flare Acceleration (Friday AM) 


Volcanologyi Geochemistry, and Petrology 


December 3-5, 1981 
San Francisco Area 


Tootonophyslcs 

Hot Spots and Convection (Monday AM) 
Crustal Geophysics (Monday AM) 

Ocean Evolution (Monday AM) 

Tectonics ol Venus (Monday PM) 

Illinois Deep Hole (Monday PM) 

Gravity, Isostasy and Flexure (Tuesday AM) 
Equation o! Slate (Tuesday AM) 

Heal Flow and Thermal Prop. (Tuesday AM) 
Stress and Strain (Tuesday PM) 

Non-Briltfe Deformation (Wednesday AM) 


Arcs and Ophlolltes (Monday AM) 
Geochemistry I (Monday AM) 
Geochemistry II (Monday AM) 

Kimberlites (Monday PM) 

Crystal Structure (Tuesday AM) 

Evolution ol Earth 1 (Tuesday AM) 
Evolution of Earth II (Tuesday PM) 
Experimental Petrology (Tuesday PM) 
Oceanfc Volcanic Rocks (Wednesday AM) 
Silicate Melt Structure I (Wednesday AM) 
Silicate Melt Structure II (Wednesday PM) 
Isotopes (Wednesday PM) 

Volcanoes-i (Thursday AM) 

VolcanoeB-ll (Thursday PM) 

Metamorphlc Petrology (Thursday PM) 
Plutonic Rocks (Friday AM) 

VGP Potpourri (Friday AM) 


CONVENERS: B.H. Baker and P. Morgan 
SESSIONS PLANNED: 

II Speculations as t a the origin and development of rifts 

2) Constraints on rift evolution - setting 

3) Constraints on r(ft evolution - geological development 

4) Constraints on r\ft evolution - physics and chemistry qf fy 
lithosphere 

5) Resources associated with rifting 

6) Our state of Ignorance and Its remedy 


Attendance will be limited to 60 participants. Send applications loaiicnj 
with brief, but specific outline of potential contributions to Ihe meet rn 
include a provisional title if you plan lo submit an abstract. Abstract* 
should be submitted lo Riit Meeting, Projects Office, Lunar and Planetara 
institute, 3303 NASA Road 1, Houston, Texas 77058, USA. Deadfowfot 
applications is May 29, 1981. Further Information may be obtained bom 
the above address, or phone (713) <186-2150. 
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Separates 


To Order: The order number can be 
found at (he end of each abstract; use all 
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3175 Soil mollture 

A MATHEMATICAL NOOEL FOR PREDICTIfW MOISTURE IUW 
IN AN UN SATURATED SOIL UNDER HYONAULIC AND TEW* 
EM1URE GRADIENTS , , „ 

V. DaLthanimurthy (Dapirtnant of Civil EnglnMf 
Ing, Unfvarilty of SatkiLchuwan, SatkitOMi 
Canada, S7N WO) and D. 0. Fradtund 
A theoretical ™dol Is prosentdd lo predict 
tha moisture flow In an unsaturalod soil •* 
rosuU uT hydraulic and lomporatura jradKflM- 
A partial differential heat flew wialim V»f 
abova rruoilng conditions) and tha two 
differential transient flow aquations (W* Tor 
tha vrtlar phata and tha other for lha air phHtfi 
are derived In this paper and solwd u»M * . 

rinlto difference technique. Darcy 1 * law »i 
to descrlba tha flow In tha watar phase mil* 
Flck's law (i used for the air phsaa. 1™ * 01 '' 
Ultutlva aquations proposed by Fredtund ana 
Kurgenatem (1976) ara u»d to daflna lh« 
chang* of an unaaiuratad soil. 
solution of tha partial dlfforantlal aquation# 
glvai tha tanparatura, tha pora-watar pr*iiur» 
and tha ptra-air pressure dlitrlbutlcn with #P* 
and time In an un saturated soil. The P T **J“ r * 
changes can. In turn, be used to compute U[* 


«ll, “I VII I M | HV — r Z j iH |l 

quantity or moisture flow. (Unaaturated inii> 
watar phase, *1r phase, transient flw. !■“ 


flow, moiature flow). 

Hater Raaour. Rea., Paper 1K024B 


3175 Boll aoiature -rT -- 

BOIL HYDRAULIC PROPERTIES AND THEIR EFFECT ua 
SURFACE ABD 81B8UHJACE WATER TRAffaFER IS » 

TROPICAL RAINFOREST CAKHKEHT 
M. BonaU (Department of Geography ■ 

Univareiby of North (piaamalani, T DV£l,vt ‘^^', .i. 
Australia AMI), D.A. dllaour and D.P. Siooia 
Tbii paper examlnea ipatial and tanporw 
hataraseneUy of the aurfeae, Bubeurf*” 

Tart leal drainaga oemposanta within aod 
three attai in a SJ,7 be tropical ralnftra* 
data hunt, Our anelyili indicatei that 
aaturatlon overland iloif depaoda on tba **" 
lallonahipa between temporal variatipni JP 
rain mu intanaity, the upper loll atora 
oapeolty, and tha spatial wiatloa of_ 
saturated aonduatlvitjr in the eiibaoil #« 

20 cm. Thii rcaulta In eaturmticn ovarian 
flow oocurring throughout etonae on, ■ 1 

alopei, but being confined to rainf*tV 1 ?'* W 
faalia in bha lover, ineiaad area during , • 
poat-iainioon "tranaltional" aaaBon, ™FJ • 

Mia La indioaka that rain rail julea »»P“ ^ 

important motor determining the P«P*«J v .iar. . 
the upper anil .tore capacity oooupw® ^ 

Thia in Cum control* vltbU ai«* 
in apeoifio runoff coaponanta betwab" •* , t gu 
Pieaomatera ahovad an almaat i nat . 
and lag to peak tinea ae abort aa 2* 
in-eapaetiva of looatioo on tha “PP*F , 

Thle ia attributed to the frfgb rain»*i 
intaoaitle* and hoil aoiature atatua [J* p 
yail lo tWia area. tReUf«*»t . J"*" 8 ? .• : . 

Nydrologioal Soiencea Bull. vol. -2b* 06 • 1 


1I7S soil molecuia 

MAUhO OF atflLTUXMCH BBBAVTOO* ,|| WWW 

»«»■ MWRlAtg 

>■ q. young. (Plnralaa oepartaant, 

■xpbriawabal yeatlan, Barpendep. »•**■>•> 

England) grd q. *; prlea. . ■ - ^ ic . 

• Mlokoaonplo charoo tails tut lanoth*- •* ‘V.-iaad 

th. theory of aUaiUr potou* ma^A. ««• 

•• maaautaaafita KMT twdrrtOio 00<,ao S t iI((-iatu*^ 
• aotl-waCai ppaaawa •« 

LiCn.l .n- it vh. hvdtaultc - 
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,a.Lv with aolf-watar preaaura. for dlaalaUar 
Mtarial# "“f ■ " ia * s *^* oC pat tic la eLaaa and 
fta ratio of the aleroacoplc oharaotaria- 
uistha ebtalnod in cheaa three way. afiowml 
{(* .! mlatien balwaan material!. Moan-Ion Lea a 

varlablaa d*'"" 15 ln t,,ra, 

avparloencal raaulta with packed eoliuma of 
M-matuiala <« vertical ddwnward Infiltration, 

5a* norlacnial (nfilustAon. and fw v«tl«al up- 
«5d capillary rlaa. The ac.lad raaulte for all 
“cerlal. war. in agraamant and Mttad thMnC- 
derived relationahlpa for tha three alcui- 
M*na flnflltracion. ainllar madia theory) . 

Vaier Rowuf. *«•. P ®F W IKWoa 
ii jin imk if Quality 

Sb DRP1H OP PAIKFALL-MISOFP-SOXL mKRACTlOH 
6nt*KlWR 57 

■ R Abala (US DA-SKA- AH, Souchem flalna 
vataiabad and »«■* qu*l‘ty Laboratory, 

Darant, « 74701> A. H- Sharplay, M, Tamamoco, 
nd B. Q. Menial 

n,ia study dealt with the aetent and dynamics 
of a thin tone of aoll fhec Intoracta with 
rainfall and overland t,ov 1° relating aoil 
rhaalcall to runoff. A ralitlvaly ImobLLa 
tricar, ]2 f. «■ applied at 0.0 (aoll lurraca), 

0 1 1 . 0 , l.J or 2.0 cm depth, ln duplicate 
aaU boxei of three dlffareot aotla. Slnulatad 
rainfall of 5.3 cm/br wsa applied on each loll 
box for »o aeparata 30-aln period*. Th* de- 
gree of isiatafltlon decreaaad vary rapidly, 

Hta or laaa exponentially, with depth balov 
tha aurfaca. An affective avaraga depth or 
aaaa of lnt«r*«ion, within which the degree 
of Interaction equals that of the aoil aut- 
faca, mi aaiused to aalat. Th* effective 
•verag* depth calculated ftoo tha data, raogad 
batmen 0.2 and 0.1 cm, dapsndlng sera upon 
Ihe parlod of rainfall than upon tha type of 
aoll. Than avaraga depth* were used, along 
with value* of total deaorbabLo P and Lha 
frictions of Lha 32p applied on tho aoll aur- 
fiea tbit appeared in runoff, to predict the 
p raucenc rat Iona In runoff, which agreed rather 
veil with the - aaaaurad vnlaa*. The ataunptlon 
of an eifirtlv* avaraga daptb wee, thua, valid 
Tor 7. Tranalaat ebangaa In rhe offactiva 
averags daptb of [nurierlsn during a raln- 
llll period war* calculated by uaing atmul- 
lineoua P and “p concent ration, in runoff, 
vbere tha Up uaa applied at tha aoll aur- 
lace. The affect ive avaraga depth Increased 
■ocovhai wlih rime during a rainfall period, 
•ipotlally during the flraa 30-jaln rain. 

(ho 30-nln nr an effactlva average depth ol 
Interaction, calculated by thla method, 
igracd well with that obtained by rhe first 
roihod deacrlbi-d above. (Vonpolnt pollution, 
chanlcal irinnport). 
kjlor Poseur. R0S ■ , Paper IHO-Otj 

1110 Hater quality 

VARIANCE ESTIMATES FDR A DYNAMIC EOTROHHCATICN 
HQOfiL or SACINAJf BAY, LAKE IIURCN 
S. ScivU iGreit Lakaa Environmental Research 
laboratory/NIUA, 2300 Haihtanaw Ave., Ann Artxir, 

Hi. alidA), R. f. Canale, H. F. Powers, and 
J. L. Moody 

Flrat-oidar varlanca propagatlm wai uiad to 
astlDii* variance of modal output originating from 
larlancti of uncartain initial condltloni, pare- 
mar valuai, and aacamal load astlvatoa for a 
out ri«il-phyi op lank ten -loop lank con dynaole eutro- 
phication aodal of on* sagnanl of Saginaw Bay, 
lake I titan. Let (mated coefficient, of variation 
of aodal output during aunu*r ware not unlike 
ihon ostlnaud from ncaiuramanti. Tha oajor 
leurca of sarUnce was paramater value variances. 
Ha nest laportant paramatora, tn tarma of nodal 
Knsltlvltjr and varlaneo propagation, wore 
Idantlfiad by analysis of tha predicted corn la - 
(ion uitIs, Mothodo foi rodutlng model output 
•ariance won suggoatod. 

Hilar Rcaour, ftaa.. Paper 1W04*8 

MID kttar qualily 

(•IIPARISON OF FIRST-ORDER ERROR ANALYSIS AND 
■»WT CARLO SIHUUTIQN IN TIME-DEPBROEMT UBE 
WWOPMICATIOfl MOOEia 

b. Itavia (Oraai lokai Envircnaontal Rosoarch 
■Ahoniory/NOAA, 7J00 Naahtonaw Av«,, Ann Arbor, 

|'i. 15101), W. f. Powori, R. p. Canale, and J. L. 
Hjoly 

Eulmitcs of variance for a nanllnoar, aeason- 
*1 foad-chaln-nutriont-cyt Lo eutrophication 
JhJal of Saginaw Bay, Lake Huron, calculated by 
flrtt-ordor variance propagation and Monte Carlo 
•"ilysoa do not alwayi agraa, A coopartaon of 
•nkiuiii of lute variable! Indicates that Monte 
»rlo acini ar* aost ilk, tha aoaiuremanta. 

•htfeas Honto Carlo median! are moat like tho 
MieiulnLutt nodal output. Boat agreement bo- 
h" , tn Monte Carlo and first -order estimates of 
“ih stale- nrlabla valuai and tholr variincaa 
«curi whan Mania Carlo output dlatrlteiclona ara 
Wattrlc. Lbdor thaao condition*, both eiti- 
j 1 ’ ,rB Mature, of variance ataoclatod with 
Wulailoni (l.o. , all algae). Thoao dif- 
"ibuiloaa, howavor, change dramatically In tine 
variable!. For aaywiBtrlc dla- 
iieutiona, first -ardor variance aatlHies aoa- 
n?. V . '“•E 'bout tho typical component of 
bL)" 1 ? 1 (»••■. lha typical algal 

yttiaa) and Mont, carlo varlaneo aatlmatoa aoa- 
* v *rjahlllty nf tha moan camponont (which Is 
«u. wr l ,ell »a nf tho total). One must bo eog- 
“»*at of l hole differences when oat mating 
Yar.5 n ? ■ssoclatod with aodal projoctlona. 

Raaow. 8*.,, 1VW95 

JJW Ultar quality 

l^icrM. 0P m ,IATl0 " A1, wm follution control 

Uanj.ji “MOH-TDRAL SJOTHHtT CONTROL 
lac ml?***? 1 (Rmoouraa* for tha Future. 

■ C* “‘■WWwiti Avuea N. V, , Uachlngcoa, 

tael 2SJ! 5 *• P « ,Un 

MraJ*.'!. 1 ™ 8 * * national water network modal 

•Irtc'ltoJ 1 ! 1 !? 1 * Qt lta Wh “W mtfact* of 
lMlItv^r 1 iv ,,il, * nt ODOtro1 pnlielao on the 

*alS5. Wp * rlor to P r *v Lo u a aooaiomanta 

Hiving v4t.rn5 i 5k Chlr, ‘ :1:,rl ' tlc ' o( th * 

•»» aona..! ? r th * contribution nt pollutant! 
“bll. *etivlti.». BpaoitlMUy, 

•WoilauvM. "oneludad chat 

W ! d PWblasM are 

Ilvdi? Sa, 1 ?* “blq.nl taut, thia asinlyala ««- 
fata. aSiLif u Probably aura afflolant to 
el *» m *l__ * , “W* , t0d pollution control poll- 
ttl tM4l tHi b^-bbirt »E tha nation'* agrl- 
wi 1 uiiq» J j? 1 ' (Foliation, agricultural 
Ndt|, ** , ? e control, watar quality 

RSaoi* 7 KS ly, J ,J , 

■«r. Raa., Paper IWQ310 
J^“at*r quality 

ton?” nU,n * n0H °F ADOPTED DEES OF RECLAIMED 

■‘‘f of'cll!? (S f* 1001 «* ^blie Health, Uoivar- 
:? boai^ 1 ^ « ””0) 


Meteorology 


** batdrad .*71 ’ aBrkBl *Y. « 9A720) 

Hvtnlt u«,« , rialianl* of Irvlna, Cal- 

lM|,, w .• }“ ,,p f lowed to uaaaa their know- 
M| u ( .. V J™ reoowaadationi Mgitding 
**' »# at wac,r Tm their commlcy 
“*"■ To/ait^i*^. 1 * ^l * , r ° T irriga- 

Jj*7|fouad irriM»V r “ l , 7iR* tton > f » r P ,rk ■ 
,,4 1 lava L,.i , * , f lo ° ■ ni ,or common raaldeo- 
i ,,w *a toui^i*^l ,n, ■ Aditt looally, chair at- 
i, lnil a ..^t" ™tnt# uae D f raclalmad water for 
*l«o i IIH M WJ'Btly planned for Irvlna, sura 
belt gf ,v ■ Nraolta abound that nor* than- 
"'PWjmu van generally a van of 
X* Mata of n. j*" 1 ’ tut “*• than half woro 
!!' “•« Involved . Ooca iped- 

»ipi>u.u for dw »«* info rood, 

! M >taatie. -Jir *‘ l »™#pondaota to tho apoctflc 
Ttvi,, “^ r * u, e project! oov underway ia 
l* M *»«i»ded Moot caapondiote 

*5*adla« n* ** 1*1108 u *"*. rathar than 

pblMtT Pu.tvlU 108 ll " el *' r “ e reclamation 
,1*°' at t * , 99ndwte veto not La 

? Tj‘?i*j**‘. wal,p lo « *rl*k3ng 1« 

Bfciot.i fiL!nI in, L ,l,ld,c '** coofirs aarl ler 
wl ^ ««***»■• tlim* th. 

*‘»la»d contact uaak of r«- 

111 «* MWmity Aod it ia . 


ill? foundity lavor aiructutaa and pracei(ea 
HIND-WATER TUU NIL SIMULATION Cf SHAU-SCAL* OCEAN 
ATMOSPHERE INTERACTIONS. 

II. Coast (a. A. RaiuBonJf artcoi, p, Healiyar, 
f. faith and A. favva llnltitut da Hlcanlqua Sla- 
Illltqu* do la Rjrbuianco. 12 . avanar du Cfinlral 
■at laic, 13001 Haraelllo, Franca). 

Uorioua raaulta within I.K.S.T. wlnd-waiaj fa- 
ct Illy In the plat ten yaara, “heroin aoall-acalo 
dynamic and t hcmodycaml t elr-ila axeliaago procoa- 
«*a cjn ba pari lal ly ijmulotcd, ara rovlawod la 
Lha light of proaant Idoaa on ocein-aiBaiphara 
Interact Iona . lha object hora la to draw condu- 
aiona on both tbo validity and an (u lam of 
Wch laboratory atudlat. Utgo and ajuU-acalt 
turbulaot velocity and taoparatura flalda aahl- 
eic good limllariry and Riser*) agraount with 
aurfaca layer obaervatlona but alio lotareatlng 
Btparturaa fron local isotropy. Th* apectral 
characteristic! of wave* In the laboratory era 
quit* almllar to ehort-fetch field data. An 
Inherently nan-1 ln*« "dominant uav»" i s t DB nd 
to have a major Influanca upon properties and 
dlaparalon relation ot wind uavaa in (ha labora- 
tory ii well aa in tha field. Hlnd/waya coupling 
la obaarved and Invaitlgated thraugh linear and 
non -1 Inoar mothada. Turbulent haac and man 
iranafer procaaiaa, atudiad ih rough diffaranl 
cochnlquee , ehow that evaporation ratal and dtf- 
fumtvm sublayer thlcknaaaai canpir* wall with 
other aatloatea. Obaarved donalcy itratiflcation 
effacta can ha Intarpratod In tarml of the accep- 
ted deacrlptian for irDoapherU aurfaca layer - 
Thiao data Aa * ubolo domonatrata that laboralory 
aiudiai on aoall-acalai a(r-!*a lntaractlon o*- 
cbanlsca can provide an tonight into oaturaily 
occurring phyalcal procaaiaa. (Atr-Eaa Interac- 
tlona, leboratarp iliulatlon, turbulanea, uava 
gcnaratlon). 

J. Goophyi. Rei,, Groaa, Paper ICOJSt 


1710 Boundary layer otructurao and proeaaara 
PLANE WITH PROTRUSIONS AS AM AYMSPHKIIC BOUNDARY 
J. Octamon (Tel Aviv Unlverolty, Raoat Aviv, 

tecaal) 

A piano with procrualoaa la Aoalviad aa a nodal 
far Moore aanelng of the Earth's aurfaca and for 
abiorptlon of aolar irradlanco at the aurfaca. 

The nodal ia aimed at r*pr«*enf(ng tha aurfaca of 
arid region* where plane* farm iaolitad clumps 
with large In carat I tea of bare loll. Applicabil- 
ity to other terrain typaa, euch aa atuhble 
flalda, tundra and savannah appaari poaalbla, 

Tha protruaioua (plant.) ara ragardad a* thin 
verticil cylinders and tha key paraaatar, a, fa 
Cha sun of balght-tloai'dluator prodaCCa aver a 
unit area. Remot* aioalng from a aun-aynchromoui 
■italliia (Lindeat) Indies la a (ha plausibility of 
tbe modal, lnanucb aa In iaait-maie-aRnma 
f(t tha nodal closely reproduce', aa a function 
of tha aolar aonlth angla, chi iiflaEtfvitioa 
to raolth ooaaurad by Landaat o*ar an arid 
atappa. Tha axpllcit exproaatona for the hemis- 
pheric roflactlvitlaa Indicate a pronounced 
change in tha aurfaca aibodo, *a a function af 
tbs ranlth angle, of terrain daicrlbad by aueh 
a modal. Tha aolar hosting of tha prarniileiia 
coaatilutaa an (aporlant coopcoont of tha aur* 
Caca heating whan the tun li cloie ta th« hort- 
aon. Thua, the heating of procruiicna can ba a 
varr significant parr o( cho daily total aur- 
faca hailing (avan for a moderately low a) 
whan rhe noon aufl la low (C.a., at higher lati- 
tudes, especially In winter), the Interaction* 
with tha *tmoapharo faxehanga of arnalblo heal. 
Wiparat1on/«ond*niat(on prannnaia) ar* general- 
ly quit* different for lha protruaiona and th* 
plana of tho soil. The Interaction. «r* oapic- 
(ally different In th* arid atappa, In4*nuch 
aa rh* effective tharaal ioartia of cha protru- 
af on* inaaclv dry bueheo or tu*ooc(a) In heat 
tranafat to tho Ataoaphar* fi very low. Thla 
low thermal Inert la, and rhatafot* naayly l»- 
medtats traoafar to the amoaphara of tha aolar 
irradianc* absorbed by th* protnraiam, i* In- 
dftatad by radiation tanparatura oaaauraernte 
of tba protruaiona and of cha soil, conducted 
recant It In a r*«cad-off are* I" Hit 9fn«l. 

. 1 . '.evpiV.* Kva.. '.I*vr.. Paper iLWlv: 

3/1 ) Ofuuical coopoaltlon and chemical intarac- 
tlona 

EFFECT OF NITRAPYRIN ON EMISSION Of NITROUS 
OXIDE PBCiM SOIL FERTILIZED WITH ANHYDROUS 
AMMONIA 

J. H. troenor UMparlaact oi Agronomy. Iowa 
Stare UnlVaralty, Asia, Iowa, jODlll C. A. 
Bralranback, and A. H. Blacknor 

Field atudiaa uaing a chamber tachnlqua to 
manure «o lesion* of nlrroua oxide (MjO) ahowad 
that th* NjO emiaalsna Lnducad by fartlllaat Ion 
ol aoll with anhrdroua ammonia CUD kg H ha - £) 
ware norkodly reduced by addition of nittapyiln 
[2-chioro-5-(triehloroo»Lhyl)-pyrldlna) to thla 
ferclllier. The ealailon of KjO Induced by 
application ol anhydrous amonla In the tall 
was raducod 03* by addition of nitrapyrln ac 
rh* rate of 0.36 kg ha"*. The eotraapondlog 
c eduction wtwo nitrapyrln was added to 
anhydrous anaanla applied to tba iprlhg vai B7I. 
Thee* obasrvationa Indicate that nitrapyrln ha* 
potential value for raducelon of the BjO 
em I *alons Induced by altrogan fart (lint Ion at 
aoil*. 

Geopbys, Has, Lett., Paper aWU 


3713 Chaslcal cotrfoaltloo and ehamleai taLarac- 

BSTTMATUQ THE 020 HI BUD0ET IR IHE BDDH7ARY LAWS 
BY USE OF ALRQIAFT HEAEUREHENTS Of OEffl* ®DT 
FUJI AND MEAN COHCDfTBATION 
D. B. Lcnachov (IMtlonal Cantor far Atmdopbocic 
Baatarch. Boulder, CO 50307) R. Paariea, Jr. and 
B. B. Stiokov 

A feat roaponau cbaallumlniicaaL o*«n* tanooc 
vai mounted ln an NCAH ()d*on Air aircraft 
lnatrueantad for air motion, lawfirature end 
hnaldtty aaaovraniora. Tho- vertical flu* of 
oxona woo than obtained by tha eddy correlation 
technique for Mrtnl ««Nh*a in tt" .. 

atmoapbaric boundary layar over aaatorn Colorado. 
Bacauaa of tha rang* and mobUHyof thoatv- 
oraft, thia t.chnfqu. aa* be 
variety of altnatlono. For N*a»P(n. ■ • 
oval an taMr.Late highway 

fluctuation. In Oi du. to vehicular "J, 

Ho which aca wall-cocralaRad Vith poiltLva tam- 
par.tura and ,.„ta.L v*«rl«y ««ku^m. 
on. flight, the aipUricene ten* la th* «-»» 

oione coauancration budget 

parlaon, Llii aonoibla bait aod 

yar, kTllUAtlll Cl« tU .1091.00 M » •«*« t » ^ 

For thla flight, which occurred undar »*■« ,k J" 

rj=r5=sfasssr-- 

SL-js.2Mass-S^r 

for thla can* vao about 0.47 cm ■ 

j. Oaophja- R**‘» Oraam, Fapar |OMe» 


3715 Chemical moi th ^ lel1 Vltn ' 

a. Flr.tsd, S. A^araon. AndO. , „ 

* “« !Si «2 SSu in»wu- 

abaorptloo inatruMnt imoau?*" «lai*i 

moot) h«. 

ratios in the itratonphor i rsllbratad wring 
amuadnanca «ir« lodapuidahUY 


1713 Chemical torpollciaa end tbtolcal Inter- 
act Iona 

ajerepOUND SO* MIXING RATIOS IN AYR MASSES OVER 
THE NORTH ATLANTIC OCEAN 
C. Kalaa ini P. Uacnack iKaa-Planck-lsat Uur 
fuar Choata, Halnz, federal Republic of Corcany) 
A cnemllunlniacaoca analyisr waa Ulad to ee«e- 
ur* H0 k mtalng ratio* at the vent coast of Ira- 
land during Ihe period June 12-27, 1970. NO wa* 
determined directly. NO, - FfO * HO, after eon- 
variiea of NO, by lion euLlela. In a third ooeg- 
urenont modi uaiog a CDlybdemn coavertor higher 
signals war* abierved then with Iron sul fats. 
Indicating that altrogan compcuade nthor than 
m> “ NO, are registered. They ar* deilgnat*.) 
erceee NO,". The average Jia miming rat Ice 
during lha caapilgn mi 101 i B7 pptv. In pure 
marloa air auiu Identlf led by sesoa ot ita- 
Jectary calculation, tha NO, mixing ratio, wore 
loirar and ahovad in addle Ion a diurnal varlit- 
ton with night Use valuai of 37 2 5 pptv sad 
•M b average of 17 t *7 pptv. For ouch eon- 
aitloaa the rfl airing ratio gs aurally waa leia 
thin 10 pptv. Tha taceai in dais marine air 
***■•■ La a lea higher daring the day csmptfeA 
vlth night tlo* valuai of about 70 pptv. Fur- 
ther studies ara reqwlrad to Identify the eom- 
pouade Involved , ( i.ckgroond NO,, smrlna sir). 
J. Giophye, gee,, Oraan, Fapar 1C0493 


3714 Cbctilrg) cuspos Irian end cli nical lntri- 
ec Clone 

DIDA1AL ASALYilb Ay UaM. VaMABII IfitlS is AIJW- 

sfnckic t»j 

Robert J. Cotlnaa and J. Pclcr Va|b jctoncu 
Applications, Inc.. 1R11 Santa Rlla FoaJ. Suite 
104, Pleiainton, CA OiShM 
A diurnal enairil* nf local (iWj varUhl lltlen 
la pruaenmd fur aelcctud airoapharic vaL'Vo olo- 
conta along tho Una*-nf-»|ght which tori- ob- 
aarvad by Naina . t ,i(. (L91«{. in vlnu o( ret nut 
dohatue IHornin, 1060, Sv-on v.' 19A7*j] ron- 

comlng altornauve lnti-rpr.latlvni ut thru- 
csdaurvr.'nia, (he pro-cm anol/.i>le lndlrJl,~i (hit 
currant phocacheM, jI theory Is curolalint with 
Iho esporlcunial vburrv.it I one vi diurnal vrrta- 
llona In tola! to,. Furl ■■arena, diurnal varlj- 
tl‘«'» ln l rnto npvrli-c c-lvrn dw-tli lu, aw sli-run 
lo be poionlislly wry -r-nitrivu <•? photo- 

clirnlcal cwchsnls*. jn l ul privalrel ri rl.iiii.il Ion, 
wliv* (■■quin lie kiwis ■■( ,|ull.i) <m.l i.r'i—rul 
rcHitlut Ion nil- *r|,|.-vrJ In nV~.rv.il I mi, . 1 V 1 , 
IsItPi ilrnli'. rhni icli nl. il r.id. l ,, n 
ei‘h<HM. diurnal cjiI.iM 1 1 It , irucn In ll>. 

alcjivtu-r.-l . 

7. Uiophya. Raa., Green, Paper It 0140 
3)40 r.cnoral tixulnllnn 

HDNTHLY AND 3 FAS WAI VARIABILITY IN 1111 ■'tFAl- |sT- 
ATH3SP1IERE SYSTEMS u? TIIF NufTII raCIFK AMI IHE 
NORTH ATI ANT If 

J. E. Walah (lateral or y fnr Atn>irbrrlc Voaoirch, 
llnlvirslgy of 11 lino In. Urbans, Illinois *U01> 
and J. 1. latar 

tour YKgtonnl lndlrei of sri lev vsrl.ilittUv 
and (hirtv vaara of nmthlv >cj aurfaro l.-Hp^ra- 
lure 1 1ST I end i*.i level preanre (Cin Jute in- 
ward r<j avjlnjtc ilia ljr*v-e..ilv •■iiornra Ivnn 
within l he occin-lrv-iit'v.yplirr* nviioci uf the 
North Pacific an! ihr- Surlh .Ml.intl'. dlivcl 
lasodcL ton Lalwcrn pus I live !noe.,i Ivel "SI 
\n.-nj1 lu- anl llthi lhc.iv>) 1<« In rhe dsrlot 
(44 ti Indicate). Th.* -isr/ lev coupllnj in »hu 
noralivrn AI.IsMn W.iirrc l, illv Ji ll 1,1 1. . ill. 
lljnllicani. The 5ST in->riltr« tn *>•••!■ Ili» 

Lorth Po> I f it mi ihr Vrih A'lvnn- .irrc n -i-i 
porclsionl rc—nar, t" mr..ii-h#r 1 <: Ini. Ins 
Tho ALP dl-irltur Inn, nvur both o.»,n, -..rrcl He- 
,lmtl Knnil, wlih ihe arcrlc 41? -II si > lh.,i I- ■>, 
alihoiigh chu nidi II Hilda alr-.,ph«t |. r |r.-.jl ■> |.. n 
,li"W» no *>,lo-.irl. rvnl«n' „• ]«,■ .r I ,t (l.e 

or il,- - Ir.-nUU 'S. C*J |. » live r » ,ri..n.i 

C».rcl|>-- !•••,! hlrhl. wur. >n. H- -.plirrl. 
l-r. In., out ml.. rl.nl p<rl..l, o? -ippr.., 1- iirlv 
•< -Ai.iha In lh. r.nrilirrn A I j .1 in viintc, 1- . 

-'■•lb. In he r Iny -. 1 . .n.‘ rc.lilb. In l.ir 

lu-.l i.riinl ml I hr ->r-n,iii "I rhe 'i-r.-ntl, 

-,-ir ••■mlinrr 'iilMnv .n-pnnrr.l 'Ur.crtbrt o\*i 
I'l' ni chi- n.,r'ham Al4*k in Ire V-rrl.inrc-. 

I Arnn-i l«or |r e I rruljr len. ,v.| he, nrvm 


J740 fwnwi,. clrcvUdon 
H9MLAL NODE (MITIALIJATIOII 
Roger Daley (National Canctr (or Alroaplurlc 
Rcawirch, P.0. Bo. J'jM, Bouldar, folorajoi 
lh* barocllolc prlolllv* aquation oodele uatd (or 
abort and radius rango “(athar loriceatLng .till 
uodislrabl* high frequency gravity wavaa. the 
gravity wavaa ar* aatltad by loll III Icbalaoc** bi- 
tvasn the ohacivad wind end cm (laid* and by 
Inconslarenclea between codci and alooaphtia- 
Over lha yoera, cany imitlaltial Ion technique, have 
been Javidwd to halanc* lha Initial Otata, bur 
without notable sucraal. The r scaur Introduction 
of noraal cod* Inltlaliiaelon techniques ha*, to a 
large degree, aolvod cha probiaa. Tho ycoiaor c«- 
vlau will dtacwia th* dcvelopaent o( tha tacholqua 
from first prloclpl**, IntrodvC* ah* alow m4nLfoli 
concept and dlfCu** auccauful sppl leal Iona and 
raciinlng problaoa. 

Rev. Ctoph/a. Spico Ph/a., Papar 1PCD15 


1755 lntaractlon or aioioiphare with electromag- 
netic wivei 

OISERVAT I ONS OP Cl EAR AIR TURBULENCE AND WINDS 
WITH THE HIUSTONE HILL RADAR 

5. J. Ultklnt (HorthfMt Radio Observatory Corp., 
Ksy stack Dbiervatory, Vcitford, HA 01M4) arid 

k. H. Vend 

T7w Hi 1 1lian* Hill M Wfi radir (t Vest ford, 
Hatiachuiettt hat ham upgraded for ltodftt af 
turkulonco and wind! In tha tropoiphere *nd l«er 
striioiphira. Uiiful data have been obtained up 
te 10 bo altitude. Tha radir hai boan operated 
with ■ peek pulls paver of 1-1.5 W, ■ pulte 
length of 10 v*ec and e pull* repetition of J» 

Hi. fh* ISO foot diameter ttaarable ontannt hei 
been uiad differently In thr«* type* of aapdrl- 
aenti, (•) Antonni ixlMilh W«i with fixed tint- 
lion, (b) ol aval Ion lean with flead azlnutn ind 
(e) fixed antenna. 

Aileuth scon axporleontl cin obtain both lha 
horizontal and varilcal wind uwponantl. Antonn* 

* I aval Ion teen* hav* b**n uiad le (nvaitlullo lh# 
horlxontal aiructpro of turbulence. The flxad 
antenna axperlmonis provide mnl^ta rnolwlw and 
art useful for fludylng tho Kcwrraneo of tuvet. 

Vtvoi In both Ihe velocity end C«. the rafrac- 
■ live Index turbulanea ltrueura canitint, hive 
bean frequently obtorved ot helghtt «e*r the 
iropapaute end below. Tha wtvei have period! 10- 
10 nlnuit# and hnt been Intarpraud « Intarnel 
gravity waves. Tha larged oaplltuda waves have 
bain found to occur (W-ta) bale* ihe leva* of a 
vilocliy iheer. V»va» generally perolit for 
levtril cyclss. 

Utlng antonn* olavatlm icsn maihod Ihe level of 
turbulanea (it Matured by the Eg veluol hit b*«n 
paaturad «t polnlt sapareiod by 10-20 bn, Horl- 
tMisI patches or turbwlanee have been found that 
Appear to move with the wind, 

J. Gtiiphvn. Rra*. Dtavn, PJpnr IC039) 


3770 Foctielee and Atreoala 
M THE DOLE Of NBifrUDOCCO SOLUTION AEACT10H& M 
DETEMIttlHG MMBMUC AEROSOL CONCENTWTIOHS 
P. Middle ton, (HKtml Cjflljr forAtwiphtflc 
itautrdi, P.0. Bo* 3000. BouWur, CO BOMIJ • 

Tho role of photo- Induced tolution MoctiOH In 
ditanlnlng olMiphirlc itroiDl conetalratldM J* . 
dlicuiiod and InvaUlgptad vlth thoaretlcdl Jill- 
atH. lha win phblo-lmhnd solviLion mtlfm 
eontldorfld Ir tha convertlan of dlMOlwtl 0? Into 
R>0i which cin than rwet wlth dtijolvod SO? ind 
Nfl, to form viUata ard nltrit*. Thd rilt of thl* 
ruction If cMPirtd W thd rlld Of H,0, form* Hon 
' in polutlDK froo diffusion ind ibBorptlan qf 
NiOt us to the itroiol Rurfaca. Iho InMuantes 
pf K>0i conctniriUon »nd aerwol *1« tn th* 
relit I ye ratu *ro InvoitlBitid. ft II found (hit 
iho photo- InducBd tolution raa cl I on rati Id wch 

loutr thw th* gu dlffuilon r»to hul bactmai iwr* 
cflmtUlvo at particle b.Im 1 ncrd*io»- 

(Aartuol*, colutlwi photochimlstry, H|0|> si/lfata, 
jl'Sphya. Ma-i Oteao» B«p« UiDJSS 


Mineralogy, Petrology, 
and Crystal Chemistry 


#230 EsporlnuOlel rilnbralagv and pcti'-loAt 
HI WE DELATlffiiLim-3 OK S-TfPE i.RAMITE W[TII II .0 Td 
V. KA. HUSCume f.P.VIITE FA.H HA HUE. V PEAK, EOUrU 

Mr nr a 

V. l„ lining ami F. I. hyllti (DopartmnL of 
v.r.iplintlrel Icltnrco. I'nlvoieltv of Chlctg j, 
Elilr-igu, I). Ann 37? 

Ilu,r -twite granlm (11. At nuicnvite, 4.5t 
n-r-uitlw r»rui*)<.ii was rtocivJ, with varying 
purcvncayov vi llj#, in ccid-iaai vaiacli il 2 lb 
nnd in plalon-cvlin)ar apparatua batvacn 10 end 
)} bb. The dHgt-i?# lUuatciKng cieUIngf 
erywlnlUtatli'in relationahlpa ere: f-T eaclfon* 

with both (jeans HgO and with no 1I]Q added Hi.6tA 
K>0 in rncbli oectieno ar 13 kb and 23 kb 

sh'-.wjnp ll;0-iindoriiBCurdtcd cnudfciensi the K; 0 - 
undcrsiluraiB) Surface for tha crystal) lieldcn ot 
<|uirt t/c»*s)(* (a=.nJI nrounia of a licalcc*) Dcnce 
elnoral* petnint to higher lonporatuTae). r.iasn 
>9 ft E Inna ccawured Dv cloclroa alcroproha from 
«i-<Pleu with 4t H;F1 at IS kb cnnflin that llquIJe 
are >iyoiilttc (hro.iiih at loaot inr, n c ebowa (lie 
anliduu, no predicted lha tne offeut of prnasure 
nn the Rnal'lua ivetn-i. Becutte are uaplalnad 
eui-rrsafullv hv pha-o tolar loaahlpu (avnlvtng 
nuo.-.vvttw, luirtz, an# urKurlait in V jfi-hljtl,- 
S in.- -Ugh, with react |nno depleted In a 
P, -I '■■•ilol, with apactel rofereaca to 
"h i<j 

■hu Jt variant surfnemn in the region 

"“*»*«*\ 

either by sutl a-suota af ll^l (and u 2 '3- 
u nderqeear.it l on) or bv CQ.iRjQ mlxcures, 

l.ibi.vl) Jus doltydrer lun r auction teoparaluraa 
Juicicaao, vap.ir-piecant enilduq tenpereiuree 
letrrsw, and ovacovlta eiablllty in prvaancr of 
Mould Inc, ...„ cs. in xonaral, cuacavlte, blotllF. 
jpd naphthoic van be precipitated fren eagaaa 
..iintalniar. .., 1 . a few lantha par cent UpK 
(elih-v.igb the II.C-unJ»r>i<utatad liquid, 
v.'onl ut I n a with >r Mil ala in contain kt or mure 
Utaanlvci] lljfli. Ihi., particular granite raiuior 
hr a prlnary eigc.i fro, eaotla ur aiihdud*-! 
uirnnic null. It I, a poaalhln pio-iucl ul 
I'.irl lal lu<|«n i*1 liulltlv ro,b* baivvrn about 70 
In un.i an 4a dcptli yit'ii a<i(ftct«nt Ujl. and 
arni.ciywt‘,1 riiiscivlte m allilmintte fr>-i Iho 

!«!». The phjse ralal Icnahlpa ere 

c.-nnliil, ?■! With the Idea of 1-iyys Rrenltee, but 
*■••« Hi.ttl.lvnl 1 - provr the elfin ol thle (cck. 
A.llttl-nnl **-ia rrqulro phnoo rule! lonehlpe of 
■ it her eveiir In...) g, oniric iurli , and detail, nf 


)Z60 Pjr*4fn<rtl( , potragraplt/, and potroqv*t( It 
THE RidSKMI FjPA'HTE— [WIDLNCI r OR THEM). 

GARY I TAT I OWL DIE MIS I CHI IK A PR[( A^BRIRK 
CKAhlTE BAT W)l 1 ■ H 

Stove Lrldlnilon (IIS 953. National Cent*?. I 'S'. , 

Pet ton, YA 1)9.’ j 

lh« (ODD rA-uld tq-.piyilte f Ikov Po»k hstt.nl (qx 
renal ttv largely uf i-uJtir:- lo cojr#o-ira<nyj 
blotite qrttlit, bui Intruded b/ aovrril 
culler granite oluiunl. Two of III*!*, the 
larryal I F4,untaln5 uit' ol l In inJ IPO Ufditln 
■iron 1 1* , ire Fare Interprolcl 4V CDPtlUc ItO? 
the main ritq 0 f ihe Pim>\ Poat pnn.ii >th. 

fhanlc*' lns(j'.*4 for 34 ylrtaVk '« toi.V\ 1 r<.n 
the Ped’.kl* Grinin, the tar-ratl HaontiiiM 
bllhollth, lit.] th# DIOIUa jranll# of tr» Pile; 
P#ak liin.jllth vipwerl Hie (ontention that (*# 
conpotl t •#"! of (►# tmallrr pinion-, are unliiei, 
to hive evolved froi ths* oi me -jin - 4 q! ji tic 
battollth by 'rystal frscU#n)l Ion (t I! 
tfllovei Lhat ("040 ipw.hIotv uuve Wv.js 
liquid-date fraciionutrjn p'oeetkeo. rot Kid, 

lh# ion«rciion-jidvl toerroyravlljl ion.,1 r>..j-1 
qF Stum an) .»trm (1976). 

It (( Inportant ID rqcoqinUe that t«e (fen-. Il 
signature of tM4 fractiar.atlen pr.y.iovt cin o* 
discerned in hoIatr/sUll try rock 4 , to nail at 
their g)aity aqoivsleix*. becauu it.a procett rov 

bO (nnlru-enul In fh# fr.nrjifnn nf -,r-« Unit n* 
1 1 ir.-jph 1 1 e <.r# dego 1 iv 1 > m • « * •.•-■••- 

qr'av I La t i#na I dlffudpn, ore depot'll' 

J, tfaopFtye. Fa,., Rei, Paper IE-J-9J 


#260 PiiigamstM, patrograyby, and pa c t(g?n»t la 
TOT LA TE-" ARCHAEAN q^RIJUT GRJEN1TX COMPLEX Cf 
3CRJTHTRN VEST DEICHLASD 

Michael Broun (Depereoeat of Ceelogy as! Phyiieit 
Sclencae, Oxford Pelytacboic, Haadlogton, Oxford 
OX) one. U.B.) C-B.L. Friend Y.R. HcOragor and 
V.T. Parkins 

Granins aod granite pagsjtitei cmprlslng tha 
eg. 23)0 Ha Oorqut itwhIii cpoplta ocrur in a 
Rfd-NMl-tranding linear belt >150 In Ing exiinl- 
lug through tha Bukeaf Jordan - Aca r< Ilk - 
Godthabafjotd i.iEod of a cut Its re Vaat Craanlaoi. 
lha mein body of tba complex crop* out over e 
diitence of SO kn f tea Amarallk re Xapleigdlft 
Bang* rd luat end reaches 4 oatlms outcrop width 
af IB ba between Btorrf and OoiHux. Around 
qiiqvt, the ccnpVn caapTliee 3 maim 110171 of 
gr.nl cast early laucecratlc Rrealteei virleji 
grey blatita granlteei end lece eplogremlte - 
granlEt pagnaeMee. Withlm th* ISOCta verticil 
nctlcn available in thle area the coaplaa has e 
tripartite structure ccaprlilng a Lower Zona 
dominantly af palypheae grenica, am IniamadUta 
Zone tAiare counttp rock occur a aa refta Id poly- 
phase granite vlth a complex ahaacad atructure, 
and ea Upper Zoo* dominantly of country rock 
■hie ted by granite. 52 ■pocloene of graolte haw* 
bran analysed for majors minor end *aea trace 
aleaente. CeudMlcel varletEon with Id the im- 
plex Is con* (at cat with either fractional tryst*- 
I) leer ion ar partial melting, bat la both cases 
faldapar • blotite must have been Involved either 
aa fraetlenetlrg phase* er as residual phase* 
altar oe Icing te account far the trace element 
cbMletry. TVo poimlbie model* for the gener- 
ation of the caOplri erei either uituli al 
granullte la.'lil rocks In tbs lover crust lallaqi- 
Ing an Influx of vuletllee asd beat (Tern the 
mantlet or meliLag at Intermedlmce depths of am- 
phibolite facia* rack* with volatiles supplied by 
breakdown at hydrous phun, (Crenlta, geo- 
chwletry, eneiexle, Creenlmd), 

J. Oeophya. Rei.s Red, Paper IBMbl 


4270 Frap<rlllt «f evlndrati 

MAJOR HE: YIBRAHONAL AMO COHMESSfONAL PROPER* 

TIES OP A HI W PRESSURE PHWt 

Raymond Jcinloi (Dtparlmonl of GeologlCRl 

Sclintn, Harvard Unlvervlty, Cambrldgi, HA 

03114) 

Mijorlli. IBt garnot-ttniclurM hlgh-praiiurt 
pMl* or pjreyiM, hai boea. Chirac Lcrt ltd by 
Infrared (IR) iRKtretcapy, and I-r*y diffrac- 
Hon ottwdtn D ard B CPa (BD kbar). In kbit 
1 true lure, three owl of four (Mg, Fa) are In 
elghlfold coordination and «■< owl of Four SI It 
tn tlttald coordination. Tha IR iMCtrun indi- 
cates iho adjunct of large tetrahedral dlttor- . 
Elans, probably Jiuctdt id with th* torall cation 
radii (significant anton-anlon Inieracttoni) . 

For a sanrpll corfiipondlag approx laai Laly to 
(Hg 0 7 g r *o. 2 l ^'°3 lh * 1*lllc4 yarametar and 
dmtily are a ■ UM.4(iO.|) pm and p ■ 3-727 
l!0.OOl)Mg/b 3 . Mydroitatlc ccmpruslon moiiura- 
iwnla yield 1 iiro-pretiura bulk madulut and its 
prMiuri derivative of Fq ■ Z21{xl5) GPa and 

Kq' - 4.4(s4.B). the compos 1 tlon-dapanJcnt vol - 

ume and hulk modplus In the system pyropB-almin- 
dlim -major 1Ee art well tor, drained by Lha prs- 
■nt daiti for m J unto . ihne art substantially 
smaller and larger, reaptcilvely, than prcdlctid 
bjr syslimfLIci for gareatt. Elasticity ay sterna - 
tics largely fail to account for tha awdirll of 
garnets, although Anderson's seismic aquation of 
state provldis a satisfactory correlation. In 


trsMlcmlrj to higher grtssuro nhaiM beyond 
majorfte (with lubitantlelly higher diniil<ei)i 
pyroxene does not exhibit significant Incriam 


In Milk sound velocity . Transforeutlon lo majo- 
rfto probably occurs within the upper mantis 
and further phase Irani 1 1 Ions In pyroxini may 
be difficult to obsorvo selsMlogleally. 

I. Utwphye. Ran., Red, Taya* 110491 


